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I. Introduction 

This chapter surveys theoretical and empirical work on the labor supply of 
women, with special reference to women in Western economies, primarily the 
United States, in modem times. 1 The behavior of female labor supply has 
important implications for many other phenomena, including marriage, fertility, 
divorce, the distribution of family earnings and male-female wage differentials. 
The labor supply of women is aiso of interest because of the technical questions it 
poses. For example, since many women do not work, corner solutions are at least 
potentially a very important issue in both the theoretical and empirical analysis 
of female labor supply, even though in other contexts (e.g. studies of consumer 
demand) corner solutions are often ignored. [For recent discussions of this issue 

*We thank Ricardo Barros, Bo Honor~, Tom Mroz and John Pencavel for invaluable comments 
and suggestions; Wolfgang Franz, Heather Joshi and Alice and Masao Nakamura for help in 
assembling data on the "stylized facts" about female labor supply presented in Section 2; Eileen 
Funck and Paul Rabideau for research assistance; and Orley Ashenfelter and Richard Layard for 
patience. 

1For a general overview of women in the U.S. labor market, see Smith, ed. (1979); Fuchs (1984), 
Goldin (1980, 1983a, 1983b, 1984, 1986), Goldin and Sokoloff (1982) and Smith and Ward (1984a, 
1984b) discuss historical and recent trends. The collection of papers in Layard and Mincer 
(1984), includes work on female labor supply in Australia, Britain, the Federal Republic of Gcrmany, 
France, Israel, Italy, Japan, the Netherlands, the Soviet Union, Spain, Sweden, and the United States. 
See also Joshi (1985), Joshi and Owen (1984, 1985), and Martin and Roberts (1984) on Britain: 
Nakamura and Nakamura (1981), Nakamura, Nakamura and Cullen (1979), Smith and Stelcner 
(1985), Stelcner and Breslaw (1985), Stelcner and Smith (1985) and Robinson and Tomes (1985) on 
Canada; Franz (1981) and Franz and Kawasaki (1981) on the Federal Republic of Germany; 
Bourguignon (1985) on France; Hill (1983, 1984, 1985), Yamada and Yamada (1984, 1985) and 
Yamada, Yanaada and Chaloupka (1985) on Japan; and Kapteyn, Kooreman and van Soest (1985), 
Kooreman and Kapteyn (1984a, 1985), Renaud and Siegers (1984) and van der Veen and Evers (1984) 
on the Netherlands. 

Handbook of Labor Economics, Volume I, Edited by O. Ashenfelter and R. Layard 
¢)Elsevier Science Publishers B V, 1986 
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in the context  of consumer demand  studies, see Dea ton  (forthcoming) and  Wales 

and  W o o d l a n d  (1983).] 
The  p lan  of this survey is as follows. We first present  some "styl ized facts" 

abou t  female labor  supply, and then discuss a n u m b e r  of theoretical models of 
special in teres t  for unders tanding  female labor  supply. After considering em- 
pirical  s tudies of the labor supply of women, we conclude with some suggestions 
for future  research. 

2. Female labor supply: Some stylized facts 

This section presents some of the more impor tan t  stylized facts about  female 
l abor  supply.  We first discuss major  trends and  cyclical pat terns in time-series 
data,  and  then  examine cross-sectional phenomena.  

2.1. Trends  and  cyclical pat terns in time-series data 

Subs tan t ia l  secular increases in the labor force par t ic ipat ion of women are a 
s t r iking feature of the labor market  in most developed economies in the twentieth 
century.  G r o w t h  in part icipat ion began at different times and has proceeded at 

Table 2.1 
United States: Female civilian labor force participation rates (in percent) by age over time. 

Age (in 
years) 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 

10-13 5.4 6.1 3.9 2.9 1.5 
14/16-19 a 24.4 26.8 28.1 28.4 22.8 18.8 22.5 23.9 35.3 45.7 
20-24 30.8 32.1 35.5 38.1 42.5 45.i 42.5 44.9 56.3 67.8 
25-44 15.6 18.0 21.0 22.5 25.4 30.2 33.0 39.1 47.8 64.9 
45-64 12.6 14.I 17.1 17.1 18.7 19.8 28.6 41.6 48.2 50.5 
> 65 8.3 9.1 8.6 8.0 8.0 5.9 7.6 10.4 10.0 8.7 
All b 18.6 20.4 22.8 23.3 24.3 25.4 28.6 34.5 41.6 50.5 

a14~19 years old (1890-1960) or 16-19 years old (1970, 1980). 
bAge 14 or older (1890--1960) or age 16 or older (1970, 1980). 
Sources: 
1890-1950: Lrng (1958, Table A-2, p. 287). 
1960: U.S~ Department of Commerce, Bureau of the Census, U.S. Census of the Population 

1960: Employment Status and Work Experience, Subject Reports PC(2)-6A, Table 1. 
1970: U.S. Department of Commerce, Bureau of the Census, 1970 Cens~z~ of Population: 

Employment Status and Work Experience, Subject Reports PC(2)-6A, Table 1. 
1980: U.S. Department of Commerce, Bureau of the Census, 1980 Census of Population: 

Vol. 1, Characteristics of the Population, Chapter D, Detailed Population Characteris- 
tics, Part 1, United States Summary, Section A: United States, Table 272. 
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Table 2.2 
Canada: Female labor force participation rates (in percent) by age over time. 
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Age (in 
years) 1911 1921 1931 1941 1951 1961 1971 1981 

< 19 a 26.9 24.0 21.7 25.8 37.2 33.0 36.9 61.2 
20-24 23.8 35.0 42.3 41.8 46.8 49.3 62.8 44.5 
25-44 13.5 14.5 17.9 21.0 23.1 30.2 44.2 65.2 
45-64 9.4 10.1 10.7 12.1 17.9 29.7 40.0 46.3 
> 65 5.2 6.3 6.1 5.5 5.1 6.7 8.2 6.0 
All b 15.8 18.3 19.1 20.7 24.1 29.5 39.9 51.8 

~14-19 years old (1911-31) or 15-19 years old (1941-81). 
bAge 14 or older (1911-31) or age 15 or older (1941-81). 
Sources: 
1911-31: Long (1958, Table A-11, p. 305). 
1941-61:1961 Census of Canada, Vol. 3, Part 1, Table 2, pp. 2-1-2-2. 
1971: 1971 Census of Canada, Vol. III, Part 7, Table 1, p. 1 
1981: 1981 Census of Canada, Vol. I, National Series, Table 1 (for those 65 or older) and Table 

3 (for other age groups). 

d i f f e r e n t  r a t e s ,  b u t  s ince  t he  1960s  m o s t  a d v a n c e d  e c o n o m i e s  h a v e  s e e n  c o n s i d e r -  

a b l e ,  a n d  a t  t i m e s  d r a m a t i c ,  r i ses  in  t he  p r o p o r t i o n  o f  w o m e n - p a r t i c u l a r l y  

m a r r i e d  w o m e n  ( e spec i a l l y  t h o s e  w i t h  s m a l l  c h i l d r e n ) - i n  t he  l a b o r  force.  

T a b l e s  2 . 1 - 2 . 4  set  o u t  the  t i m e  ser ies  o f  f e m a l e  p a r t i c i p a t i o n  r a t e s  for  t he  

U n i t e d  S t a t e s ,  C a n a d a ,  G r e a t  B r i t a i n  a n d  G e r m a n y ,  r e s p e c t i v e l y  [see a l so  

S o r r e n t i n o  (1983)] .  A s  s h o w n  there ,  p a r t i c i p a t i o n  r a t e s  h a v e  r i sen  in  all c o u n t r i e s  

Table 2.3 
Great Britain: Female labor force participation rates (in percent) by age over time. 

Age (in 
years) 1891 1901 1911 1921 1931 d 1951 1961 1971 1981 

< 20 a 48.4 70.5 78.9 71.1 55.9 56.4 
20-24 b 58.4 56.7 61.9 62.4 65.1 65.4 62.0 60.1 69.3 
25-44 29.5 27.2 24.3 28.4 30.9 36.1 40.8 50.7 59.5 
45-64 24.6 21.1 21.6 20.1 19.6 28.7 37.1 50.2 51.9 
>_ 65 15.9 13.4 11.5 10.0 8.2 5.3 5.4 6.4 3.7 
All c 32.3 34.2 34.7 37.4 42.7 45.6 

"12-19 years old (1921), 14-20 years old (1931), or 15-19 years old (1951-81). 
u21-24 years old (1931) or 20-24 years old (1891-1921, 1951-81). 
CAge 12 or older for 1921; age 14 or older for 1931; age 15 or older for 1951-81. 
aNo census conducted in 1941. 
Sources: 
1891-1961: Department of Employment and Productivity, British Labour Statistics Historical 

Abstract 1886-1968, London: HMSO, 1971, Table 109, pp. 206-207. 
1971: Census 1971: Great Britain, Economic Activity, Part 1, Table 1. 
1981: Census 1981: Great Britain General Tables, Table 12. 



Table 2.4 
Germany: Female labor force participation rates: (in percent) by age over time. 

Age (in 
years) 1895 ¢ 1907 c 1925 c 1939 c 1939 a 1946 d 1950 a 1960 a 1970 d 1981 d 

14 /15-19  a 60.6 67.8 67.2 79.2 81.3 75.7 67.3 75.7 64.4 40.4 
20-24 58.3 62.0 67.8 67.8 68.6 53.7 70.4 75.6 67.1 71.0 
25-44 26.9 37.6 41.9 45.8 44.2 37.0 40.5 46.4 47.6 58.4 
45-64 25.6 35.5 36.3 36.4 36.9 29.1 31.0 33.5 35.5 39.8 

65 19.7 21.6 17.6 14.1 17.3 13.3 9.7 8.2 5.8 2.8 
All b 36.2 44.1 45.7 45.5 46.1 38.0 39.3 41.5 38.2 39.8 

a15--19 years old (1891-1950) or 15-19 years old (1960-81). 
bAge 14 or over for 1891-1950; age 15 or over for 1960-81. 
cPost-World War I boundaries, excluding Saar. 
a Boundaries of Federal Republic of Germany, excluding Berlin. 
Sources; 
1895-1950: Long (1958, Table A-16, p. 313). 
1960: Statistiehes Jahrbuch 1962, Table 2, p. 143. 
1970, 1981: ILO, Yearbook of Labour Statistics, 1975 (Table 4, p. 39) and 1982 (Table 4, p. 29). 

Table 2.5 
United States: Female labor force participation rates 

(in percent), by marital status and year. 

Married Single Widowed/Divorced 

1890 4.6 43.1 29.9 
1900 5.6 45.9 32.5 
1910 10.7 54.0 34.1 
1920 9.0 - - 
1930 11.7 55.2 34.4 
1940 13.8 53.1 33.7 
1950 21.6 53.6 35.5 
1960 31.8 50.7 36.1 
1970a 38.2 47.5 35.0 
1970b 40.8 53.0 39.1 
1980 40.8 61.5 44.0 

Sources: 
1890-1950: 

1960: 

1970a:" 

1970b,1980: 

Long (1958, Table A-6, p. 297). Refers to 
persons age 16 or older. ' 
U.S. Department of Commerce, Bureau of 
the Census, U.S. Census of Population 1960, 
Employment Status and Work Experience, 
Table 4, p. 24. (Original data given for age 
14 or older; figures in text calculated on 
assumption that half those age 14-17 were 
age 14-15 so as to refer to persons age 16 or 
older.) 
U.S. Department of Commerce, Bureau of 
the Census, U.S. Census of Population 1970, 
Employment Status and Work Experience, 
Table 3, p. 37. Refers to persons age 16 or 
older. 
U.S. Department of Labor, Employment and 
Training Report of the President, Table B-I, 
pp. 209 210. Data from March Current 
Population Survey for persons age 16 or 
older. 



Ch. 2: Female Labor Supply 

Table 2.6 
Canada: Female labor force participation rates 

(in percent), by marital status and year. 

Married Single Widowed/Divorced 

1921 21.5 48.1 21.7 
1931 3.5 50.6 20.5 
1941 3.8 60.1 20.2 
1951 11.2 62.2 19.4 
1961 22.0 54.2 23.0 
1971 36.9 53.4 26.5 
1981 51.9 61.8 31.3 

Sources 
1921-51: 

1961: 

1971: 

1981: 

Long (1958, Table A-12, p. 307). Refers to 
persons age 16 or older. 
Census of Canada 1961, Vol. III, Part 1, 
Table 17 (p. 17) and Vol. I, Part 3, Table 78 
(p. 1). Refers to persons age 15 or older. 
Census of Canada 1971, Vol. III, Part 7, 
Table 6 (p. 1). Refers to persons age 15 or 
older. 
Census of Canada 1981, Vol. I -Na t iona l  
Series, Table 1 (p. 1). Refers to persons age 
15 or older. 
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and in almost all individual age groups (except for those 65 or over). Germany is 
to some extent an exception, for its aggregate female participation rate has 
changed little since 1946. The constancy of Germany's aggregate female par- 
ticipation rate is the net result of sizeable increases in participation among those 
age 25-64 accompanied by sizeable decreases for the young and the elderly. 

Most of the increase in the aggregate female participation rate in recent years 
is attributable to an increase in the participation rate of married women, as 
shown in Tables 2.5-2.8, for the United States, Canada, Great Britain and 
Germany, respectively. Indeed, as shown in Tables 2.5 and 2.7, the participation 
rate of single women has actually declined somewhat in the United States and 
Britain, respectively. Table 2.8, for Germany, provides essentially the same 
evidence albeit for the more heterogeneous group of "nonmarried" (single, 
widowed or divorced) women. Moreover, as Tables 2.5-2.8 indicate, participation 
has increased markedly for married women, although the participation rate of 
married women remains lower than that of other women. 

The substantial increase in participation among women, particularly married 
women, stands in sharp contrast with the secular decline in male participation 
rates. As Pencavel (Chapter 1 in this Handbook) notes, male participation rates 
in developed economies have generally been falling-both in the aggregate and 
for most age group~- sinc,~ at least the first quarter of the twentieth century. (See 
Pencavel's Tables 1.1-i/~, ,nalogous to our Tables 2.1-2.4.) 
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Table 2.7 
Great Britain: Female labor force participation rates 

(in percent), by marital status and year. 

Married Single Widowed/Divorced 

1911 9.6 70.1 29.4 
1921 8.7 72.5 25.5 
1931 10.1 74.0 212  
1951 21.5 73.7 20.9 
1961 30.1 69.4 22.8 
1971 42.9 61.5 23.6 
1981 47.2 60.8 22.9 

Sources: 
1911-51: Long (1958, Table A-10, p. 304). Refers to 

persons age 16 or older. 
1961: Census 1961 Great Britain Summary Tables, 

Table 32, p. 76. Refers to persons age 15 or 
older. 

1971: Census 1971 Great Britain Advance Analysis', 
Table 1, p. 1. Refers to persons age 15 or 
older. 

1981: Census 1981: Economic Activity Great Britain 
(10 percent sample), Table 48. Refers to per- 
sons age 15 or older. 

On the other hand, weekly hours by women workers appear to have been 
falling secularly, as shown for the United States in Tables 2.9 (for manufacturing) 
and 2.10 and 2.11 (for the entire economy) and for Britain in Table 2.12. This 
decline in weekly hours worked by women workers parallels the decline in weekly 
hours worked by men that is documented by Pencavel (see his Tables 1.7-1.9 and 
1.12, analogous to our Tables 2.9-2.12). 

Considered alongside the substantial secular increase in women's participation 
rates, these secular reductions in hours of work raise several interesting questions. 
First, has the secular reduction in weekly hours worked by women workers been 
enough to offset the secular increase in the female participation rate and reduce 
the total number of hours of market work of women? One may address this 
question using Owen's (1985) constructed measure of "total" weekly labor 
supply, "labor input per capita", computed as the product of the 
em]~loyment-population ratio and weekly hours worked by employed workers. 
The time series behavior of Owen's measure of female labor input per capita is 
presented Iron, Table 2:!3. As shown there, Owen's total female labor supply 
measure has approximately doubled among women age 25-64, has increased 
slightly among women age 20-24 and has declined only for the youngest (age 
14-19) and oldest (65 or over) women. 

Thus, the secular decline in female weekly hours worked has dampened, but 
has by no means fully offset, the effect of the secular increase in female 
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Table 2.8 
Germany: Female labor force participation rates 

(in percent), by marital status and year. 

Widowed/ 
Married Single Divorced 

1895 a 12.0 60.7 
1907 a 26.0 63.7 
1925 a 28.7 64.7 
1933 a 29.2 62.1 
1939 a 32.7 62.5 
1939 b 30.6 67.6 
1950 b 25.0 57.7 

r 

1961 b 32.4 375 23.3 
1970 b 35.6 27.0 21.6 
1980 b 40.6 28.2 19.3 
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apost-Wodd War I boundaries, excluding Saar. 
bBoundaries of Federal Republic of Germany, 

excluding Berlin 
Sources: 
1895-1950: Long (1958, Table A-17, p. 314). 

Refers to persons age 16 or older. 
1961: Statistiches Jahrbuch 1963, p. 140. 

Refers to persons age 14 or older. 
1970: Statistiches Jahrbuch 1971, p. 122. 

Refers to persons age 15 or older. 
1980: Statistiches Jahrbuch 1981, p. 94. 

Refers to persons age 15 or older. 

participation in the labor force and in employment. On balance, the trend in total 
weekly labor input of women is clearly positive. Moreover, although participation 
and weekly hours of work are two of the most easily measured aspects of labor 
supply, they do not measure all aspects of labor supply. In particular, it is 
important to consider weeks worked per year as well. (We provide indirect 
evidence on this topic below.) 

The fact that weekly hours worked by women workers have fallen even as 
women's labor force participation has risen also poses a subtle question concern- 
ing within-cohort as opposed to across-cohort effects. The most obvious and 
straightforward interpretation of the secular decline in women's weekly hours of 
work is that hours worked per week by women workers have indeed fallen across 
successive cohorts. However, the decline in weekly hours worked has been 
accompanied by a substantial increase in participation, and this raises the 
question of whether the decline in weekly hours worked may be at least partly a 
consequence of the addition of "low-hours" women, within each cohort, who 
would not be working had participation not increased. In other words, if 
increased participation amounts to an influx of part-time workers (e.g. because 
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Table 2.9 
United States: Percentage distribution of weekly hours 
in manufacturing industry by employed females for the 

Decennial Censuses of Population, by year. 

Hours worked 1940 1950 1960 1970 1980 

< 34 21.4 13.1 16.5 19.2 14.9 
35-39 8.8 8.1 12.4 10.9 
40 51.2 68.8 60.4 59.2/ 70.0 
41-48 17.7 8.7 9.1 8.3 
49-59 0.7 1.0 1.2 1.7 t 15.1 
>__ 60 0.3 0.3 0.5 0.7 

Notes: 
1940-50 data refer to wage and salary workers only; 
1960-80 data refer to all employed persons. 
1940-60 data refer to persons age 14 or older; 
1970-80 data refer to persons age 16 or older. 
"Hours worked" refers to hours worked during Census survey week. 
Sources: 
1940: Sixteenth Census of the United States 1940: Population, Vol. 

III: The Labor Force, Part I: U.S. Summary, Table 36, p. 259. 
1950:1950 Census of Population, Industrial Characteristics, Table 

11. 
1960:1960 Census of Population, Industrial Characteristics, Table 

9. 
1970:1970 Census of Population, Industrial Characteristics, Table 

39. 
1980:1980 Census of Population, Vol. 1, Characteristics of the 

Population, Chapter D, Detailed Population Characteristics, 
Part 1, United States Summary, Section A: United States, 
Table 288. 

greater availability of jobs with flexible hours has made work more attractive 
than before), then average hours worked may well fall even if hours worked by 
those already in the labor force stay the same or even rise. 

Unfortunately,  developing evidence on this issue is quite difficult: there are no 
data on the number of hours that a woman not now participating in the labor 
force,, would work if she were to work, must less data showing how this number 
has changed over time. 

It does, h~0wever, seem clear that successive cohorts of women have generally 
supplied steadily increasing amounts of labor, where " labor  supply" is defined as 
participation in the labor force, employment, weekly hours worked by the total 
population or annual hours worked (by either the working population or the total 
population). First, as shown in Table 2.14 and Figure 2.1, respectively, participa- 
tion in the labor force and in paid employment have increased in successive 
cohorts of U.S. women: in general, more recent cohorts are more oriented 
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Table 2.10 
United States: Percentage distribution of hours worked of 

employed females during the census week from the Decennial 
Census of Population, by Year. 

Hours worked 1940 a 1950 1960 1970 1980 b 

1-14 2.9 4.6 9.8 9.3 
15-29 8.3 10.0 11.4 13.5 
30-34 7.0 6.0 6.5 8.7 
35-39 8.2 7.5 11.6 11.6 
40 31.1 45.4 42.7 44.8 
41-48 27.7 17.2 11.8 7.7 
49-59 6.9 4.6 3.0 2.3 
>_ 60 7.9 4.8 3.3 2.1 

30.8 

56.4 

12.8 

aFor 1940, figures refer to wage and salary workers only (for all other 
years, figures refer to all employed persons). The categories "1-14" and 
"15-29" for 1940 mean "under 14" and "14-29." 

bFor 1940-70, figures refer to persons age 14 or older; for 1980, figures 
refer to persons age 16 or older. In all cases, figures refer to persons 
employed during Census week. 

Sources: 
1940: Sixteenth Census of the United States: 1940, Vol. III, The Labor 

Force, Part 1: U.S. Summary, Table 86, p. 259. 
1950: U.S. Census of Population 1950, Vol. IV, Special Reports, Part 

I, Chapter A, Employment and Personal Characteristics, Table 
13. 

1960: U.S. Census of Population 1960 Subject Reports, Employment 
Status and Work Experience, Table 12. 

1970: U.S. Census of Population 1970 Subject Reports, Employment 
Status and Work Experience, Table 17. 

1980:1980 Census of Population, Vol. 1, Characteristics of the Popula- 
tion, Chapter D, Detailed Population Characteristics, Part 1, 
United States Summary, Section A: United States, Table 288. 

towards market work than were earlier cohorts. Moreover, among the most recent 
cohorts there appears to have been a dampening or even a disappearance of the 
decline in market activity at childbearing and childrearing ages that was char- 
acteristic of earlier cohorts. Table 2.15 and Figure 2.2 show data on employment 
rates by cohort for Britain that tell a story similar to the one in Table 2.14 and 
Figure 2.1, which refer to the United States. 

A final piece of evidence on the behavior of successive cohorts appears in 
Tables 2.16 and 2.17, which present alternative measures of "total" labor supply 
(defined to include both employment and hours worked) for successive cohorts of 
U.S. women. [See also Smith (1983), who presents more detailed calculations for 
the shorter period 1977-81.] Table 2.16 presents Owen's (1985) series on total 
weekly labor input per capita by cohort, in which total labor supply is defined as 
the product of the employment rate and weekly hours worked by working 
women. Although it is obviously too early in the "lifetime" of the 1960 cohort to 
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Table 2.11 
United States, 1955-82, and United Kingdom, 1939-82: 

Average weekly hours worked. 

United States: Females 

United Kingdom: 14/16-17 18-24 25-44 45-64 < 65 
All adults All years years years years years 

1938 47.7 
1940-44 46.9 
1950-54 47.9 
1955-59 48.4 36.4 20.0 37.1 37.0 37.7 33.8 
1960-64 47.5 35.3 16.2 35.9 35.8 37.1 31.9 
1965-69 46.4 36.2 17.2 35.8 36.6 38.3 33.5 
1970-74 45.2 34.2 18.8 33.1 34.8 35.9 29.0 
1975-79 44.0 34.2 19.2 32.7 35.3 35.5 27.0 
1980-82 43.0 34.1 18.4 32.5 35.4 35.2 27.5 

Notes: The U.K. data relate to full-time manual workers and are taken from each 
October's earnings and hours enquiry of the major industries. The data are published in 
various issues of the Ministry of Labour Gazette and of the Department of Employment 
Gazette. The United States data derive from household interviews in the Current 
Population Survey and measure the average hours actually worked (not those paid for) 
of female employees in nonagricultural industries at work. (Consequently, those absent 
from work because of illness, vacation, or strike are not represented in these figures.) 
For the years 1955-58, the data are published in the Current Population Reports, Labor 
Force Series P-50, issues number 63 (Table 3), 72 (Table 18), 85 (Table 18), and 89 
(Table 24). For the years 1959-64, the data are from Special Labor Force Reports, 
Table 0-7 of each issue, Report numbers 4, 14, 23, 31, 43, and 52. For the years 
1965-82, the data are taken from each January's issue of Employment and Earnings 
which give the figures for the preceding year. Before 1967, the youngest age group 
relates to those aged 14-17 years and from 1967 it relates to 16-17 years. 

be sure, Table 2.16 suggests that total weekly labor supply may well be higher (at 
least between the ages of 25 and 64) for more recent cohorts than it was for 
earlier cohorts. 

Table 2.17 presents two series on cohort annual labor supply derived by Smith 
and Ward (1984, 1985). The first panel refers to annual hours worked by working 
women (calculated as the product of weekly hours worked times weeks worked 
per year among women who work). It suggests that, at a minimum, annual hours 
worked by  working women have not fallen at the same rate as weekly hours 
worked: evid.ently, the secular downtrend in the latter has been offset to a 
considerable ek¢~nt by a secular increase in weeks worked per year. The second 
panel of Table 2.17 provides analogous information by cohort on "total" annual 
labor supply, i.e. the product of the employment-population ratio and annual 
hours worked by working women. Although the changes in total annual labor 
supply across cohorts are somewhat uneven, there is some indication that total 
annual labor supply is higher among more recent cohorts (though the increase in 
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Table 2.12 
Great  Britain: Percentage distribution of weekly hours worked 

by female employees in 1968, 1977 and 1981. 

September 1968 April 1977 April 1981 

0 < h _< 24 20,4 22.7 24.3 
24 < h _< 30 10,7 12.4 11.7 
30 < h < 35 10.9 13.1 13.3 
35 < h _< 37 9.9 16.5 16.7 
37 < h _< 39 15.8 10.7 17.1 
39 < h _< 40 15.4 18.9 12.0 
40 < h < 42 9.2 1.9 1.6 
42 < h _< 44 3.1 1.4 1.1 
44 < h < 46 1.8 0.8 0.7 
46 < h _< 48 1.4 0.6 0.6 
48 < h _< 50 0.5 0.3 0.3 
50 < h _< 54 0.5 0.3 0.3 
54 < h _< 60 0.3 0.2 0.2 
60 < h _< 70 0.1 0.1 0.1 
70 < h 0.0 0.0 0.1 

Notes: These data cover all women (both manual  and nonmanual  
workers) whose pay for the survey period was not  affected by 
absence. 

Sources: 
1968: Department  of Employment  and Productivity. New Earn- 

ings Survey 1968, H.M.S.O., 1970, Table 83, p. 120. 
1977: Department  of Employment,  New Earnings Survey 1977, 

Part A: Report and Key Results, H.M.S.O., 1977, Table 27, 
p. A35. 

1981: Department  of Employment,  New Earnings Survey 1981, 
Part A: Report and Key Results, H.M.S.O., 1981, Table 27, 
p. A90. 
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Table 2.13 
United States: Female labor input per capita 

in selected years, 1920-77, by age. 

Age 1920 1930 1940 1950 1955 1960 1965 1970 1977 

14-19 12.4 9.0 6.2 9.3 8.4 6.8 6.2 6.8 8.0 
20-24 17.6 18.3 17.3 16.6 16.5 16.0 17.1 18.7 20.8 
25-44  10.1 10.7 11.0 13.2 13.7 13.6 14.5 15.3 19.5 
45-64  8.1 8.3 8.4 12.1 14,3 15.9 16.8 17.1 16.5 
>_ 65 3.9 3.7 2.8 3.4 3,7 3.4 3.0 2.8 2.1 

Source: Owen (1985, Table 1.3). "Labor  input per capita" calculated by multiplying 
proport ion of population employed times weekly hours of work by employed workers. 
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Table 2.14 
United States: Female labor force participation rates by age 

for successive female birth cohorts. 

Birth Ages 
Cohort 15-19 20-24 25-29 30-34 35-39 40-44 45-49 50-54 55-59 60-64 

1886-90 19.8 21.1 21.2 
1891-95 27.0 22.3 23.7 * 
1896-1900 37.5 23.6 26.0 * 30.8 
1901-05 28.4 30.2 28.3 * 34.8 
1906-10 41.8 30.9 * 36.4 45.9 
1911-15 22.8 35.5 * 33.8 47.4 
1916-20 45.6 * 31.0 45.3 52,4 
1921-25 18.9 * 32.6 40.2 53.3 
1926-30 42.9 35.5 52.4 61.1 
1931-35 22.6 35.0 48.7 61.1 
1936-40 44.9 44.6 66.8 
1941-45 23.9 45.7 66.8 
1946-50 56.3 66.7 
1951-55 22.5 66.7 
1956-60 69.6 

* 20.6 
25.9 

29.4 
39.7 

36.4 
47.6 

41.4 
41.4 

Note: Birth cohorts 1916-20 to 1936-40 axe mothers of the baby boom generations. 
* Denotes ages of each birth cohort during World War II. 
Source: Smith and Ward (1984, p. 8). 

to ta l  annua l  l a b o r  supply,  relat ive to earl ier  cohorts ,  is not  near ly  as d ramat ic  as 
the  increase  in par t ic ipa t ion  rates shown in Tab le  2.14). 

A l t h o u g h  the quant i ta t ive  changes in female l abor  supply  doc ume n te d  in 
Tab l e s  2 .1 -2 .17  are quite remarkable ,  the twent ie th  cen tury  has also seen str iking 
qua l i t a t ive  changes  in female l abor  supply,  bo th  in abso lu te  terms and  relat ive to 
men.  In  par t i cu la r ,  in the Uni ted  States  the growth  in the amoun t  of female l abo r  
s u p p l y  has  been  accompanied  by  a p ronounce d  shift  in its character :  to a much 
grea te r  ex ten t  than  was true at the tu rn  of the century,  the representa t ive  w o m a n  
worke r  t o d a y  holds  a w h i t e - c o l l a r - p a r t i c u l a r l y  a c l e r i c a l - j o b .  To some extent  
this  s imply  reflects the economy-wide  growth in the impor t ance  of  whi te-col lar  
work,~ bu t  tha t  is not  the only factor,  for the influx of  women  in to  whi te-col lar  
(especia l ly  clerical)  work occurred at a faster ra te  than  d id  that  of  men. 

T a b l e  2.18~ document s  the changing  occupa t iona l  d i s t r ibu t ion  of  the male  and 
female  work  force in the Un i t ed  States  and shows that  20.2 percent  of all women  
worke r s  he ld  whi te-col lar  j obs  in 1900, versus 65.6 percen t  in 1980. Thus,  the 
p r o p o r t i o n  of  women  in such j o b s  more  than  t rebled over  the pe r iod  1900-80,  
whereas  the p ropo r t i on  of men in such jobs  increased  by  a factor  of only  abou t  
2.4. The  p r o p o r t i o n  of men in clerical  j obs  increased  by  a fac tor  of  about  2.3, 
whereas  the p ropo r t i on  of women  in such j o b s  increased by  a lmost  ten-fold!  
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Figure 2.1. Employment-population ratios by age for successwe female birth cohorts, 1870-1955, 
United States. Source: Smith and Ward (1984, p. 7). 
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Table 2.15 
Great Britain: Employment-population ratios by age for successive 

female birth cohorts, 1920-60. 

Birth Age 
cohort 15-19 20-24 25-29 30-34 35-39 40-44 45-49 50-54 55-59 

1920-24 90 71 40 37 
1925-29 89 63 39 40 
1930-34 90 65 39 39 
1935-39 93 66 41 46 
1940-44 91 60 41 50 
1945-49 90 66 50 56 
1950-54 88 69 49 
1955-59 85 a 63 a 
1960-64 78 

46 55 63 66 
51 62 70 65 
51 70 73 
65 73 
69 

55 

aAge 16-19 only. 
Source: Martin and Roberts (1984, Table 9.1, p. 117), derived from 1980 Department of Employ- 

ment/Office of Population Censuses and Survey Women and Employment Survey. Full-time students 
excluded from all calculations. 

Finally, note that the proportion of women in blue-collar and service jobs fell 
during 1900-80 while the proportion of men in both kinds of jobs rose. Thus, 
both in absolute terms and relative to men, the concentration of women in 
white-collar (especially clerical) jobs has increased, whereas the concentration of 
women in blue-collar and service jobs has decreased over the period 1900-80. 

We conclude this discussion of secular trends in female labor supply by briefly 
considering educational attainment, marital status and fertility. First consider 
schooling. As shown in Tables 2.19 and 2.20, there has been a substantial 
increase in educational attainment of successive female cohorts in the United 
States and in Britain, respectively. Moreover, as Table 2.19 indicates, although 
median educational attainment for U.S. women has increased only slightly over 
time among cohorts born since 1926-30, the proportion of women with four or 
more years of college in successive cohorts born since that date has gone up by 
more than 50 percent. 

If the phrase "dramatic trends" provides a nutshell characterization of women's 
educational attainment and labor supply, "dramatic fluctuations" provides a 
suitable description of the behavior of fertility and the distribution of women by 
marital statu~ during the period 1890-1980. Table 2.21 documents the behavior 
of the distribution of women by marital status in the United States. There has 
clearly been a secular iricrease in the proportion of women in the "other" 
category (which consists for the most part of divorced women), but otherwise the 
most noteworthy feature of women's marital status distributions in the United 
States has been the degree to which they have fluctuated. In 1980, the proportion 
never married and the proportion currently married were both approximately 
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Figure 2.2. Employment -popula t ion  ratios by age for successive female birth cohorts, 1920-60, 
Great Britain. Source: Martin and Roberts (1984, p. 119). 

Table 2.16 
Uni ted States: Labor input per capita by age for selected female cohorts. 

Year entered 
labor force 14-19 20-24 25-44 45-64 > 65 

1880 - - 10.2 8.1 3.7 
1900 14.1 18.6 10.1 8.4 3.4 
1920 12.4 18.0 11.6 14.9 2.8 
1940 6.2 17.9 13.7 16.5 - 
1960 6.8 17.1 20.8 - - 
1977 8.0 - - - 

Source: Owen (1985, Table 1.4). See notes to Table 2.13 for calculation of 
labor  input  per capita. Year of entry into labor force obtained by transfor- 
ming age ranges as follows: 14-19 = 17; 20-24 = 22; 25-44 = 34; 45-64  = 
54; 65 and over = 67. Estimates for intermediate years obtained by linear 
interpolation. 
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Table 2.17 
Uni ted States: Annual  hours worked, by age, selected female birth cohorts. 

Birth Age 
Cohort  16 20 25 30 35 40 45 50 55 60 64 

Annual hours worked by working women 

1902 1627 1580 1620 1633 
1910 1496 1591 1565 1605 1511 1294 
1918 1479 1456 1506 1636 1726 1620 
1926 1416 1402 1379 1471 1531 1524 1600 
1934 485 1339 1285 1296 1352 1483 1554 
1942 368 927 1382 1328 1391 
1950 298 1136 1426 1480 

Annualhou~ worked byaH women 

1902 774 789 742 639 
1910 723 859 914 877 765 375 
1918 686 765 895 900 929 693 
1926 716 627 679 832 942 895 924 
1934 169 861 656 626 800 930 1084 
1942 139 639 784 709 924 
1950 118 837 974 1081 

Source: Smith and Ward (1984, p. 85). 

equal to what they were in 1890, but each of these ratios has varied substantially 
during the period 1890-1980. For example, in both 1890 and 1980 slightly less 
than half of the women age 20-24 were married, but in 1960 almost 70 percent of 
the women in this age group were married. 

Figure 2.3 plots age-specific fertility rates for the ages between 20 and 30 for 
cohorts of U.S. women between 1890 and 1950. As shown there, fertility rates 
rose substantially starting with the 1920 cohort (the 1910 cohort was in the 
relevant age range during the years of the Great Depression, which is probably a 
major reason why its fertility was below that of the 1900 cohort). However, 
starting with the 1940 cohort, fertility began to fall again; indeed, the pattern of 
fertility by age for the 1950 cohort was almost identical to that of the 1910 
cohort. 

Although we have frequently referred to the patterns shown in Figures 2.1-2.3 
and Tables 2.1-2.21 as "trends", they are actually just sets of time-series patterns 
and, as sucl];~ombine.not only secular but also cyclical factors. For a rough and 
ready decomposition of'-observed time series into trend and cycle, we follow 
Pencavel (Chapter 1 in this Handbook) in regressing first differences in the labor 
force participation rate of a given female group (whites age 16-17, all nonwhites, 
etc.) on contemporaneous first differences in the unemployment rate of white 
males age 35-44, using annual data for 1955-82. As Pencavel notes, the intercept 



Table 2.18 
United States: Occupational distribution of workers by sex and year. 

1900 1910 1920 1930 1940 1950 1960 1970 1980 

Women 

White collar 20.2 26.0 38.5 44.3 44.9 52.3 55.3 60.5 65.6 
Professional, 

technical 8.2 9.5 11.7 13.6 12.8 12.2 12.4 14.5 16.8 
Managerial ,  

administrat ive 1.6 2.0 2.4 2.7 3.3 4.3 5.0 4.5 6.9 
Sales 4.4 5.0 6.3 6.8 7.4 8.6 7.7 7.0 6.8 
Clerical 3.8 9.0 18.5 20.8 21.4 27.2 30.3 34.5 35.1 

Blue collar 27.9 25.5 23.9 19.9 21.8 22.2 16.6 16.1 13.8 
Craft  1.6 1.5 1.0 1.0 1.2 1.4 1.0 1.1 1.8 
Operatives 24.0 23.0 20.0 17.2 19.3 20.1 15.2 14.5 10.7 
Nonfa rm laborers 3.3 1.5 2.4 1.4 1.2 0.7 0.4 0.5 1.2 

Service 35.5 32.5 23.9 27.6 29.2 21.5 23.7 21.7 19.5 
Fa rm 19.1 16.0 13.6 8.6 4.1 3.6 4.4 1.8 1.2 

Men 

White collar 17.6 20.1 21.4 25.2 26.7 30.5 37.4 41.0 42.4 
Professional, 

technical 3.4 3.5 3.8 4.9 5.8 7.2 10.9 14.0 15.5 
Managerial ,  

administrat ive 6.9 7.8 7.8 8.7 8.6 10.5 13.6 14.2 14.4 
Sales 4.5 4.6 4.5 6.2 6.5 6.4 5.8 5.6 6.0 
Clerical 2.8 4.4 5.3 5.5 5.8 6.4 7.2 7.1 6.4 

Blue collar 37.6 41.2 44.5 45.2 45.7 48.4 46.5 47.0 44.8 
Craft  12.6 14.1 16.0 16.2 15.5 19.0 19.0 20.1 21.0 
Operatives 10.4 12.5 14.5 15.4 18.1 20.5 19.6 19.6 16.8 
Nonfa rm laborers 14.7 14.6 14.1 13.6 12.2 8.7 7.9 7.3 7.0 

Service 3.1 3.9 3.8 4.7 6.1 6.2 6.5 6.7 8.8 
Farm 41.6 34.8 30.4 24.8 21.7 15.0 9.6 5.3 4.0 

Women / men 

White collar 1.15 1.29 1.80 1.76 1.68 1.71 1.48 1.48 1.55 
Professional, 

technical 2.41 2.71 3.08 2.78 2.21 1.69 1.14 1.04 1.08 
Managerial,  

administrative 0,23 0.25 0.31 0.31 0.38 0.41 0.37 0.33 0.48 
Sales 0.98 1.09 1.40 1.10 1.14 1.34 1.33 1.25 1.13 
Clerical 1.36 2.05 3.49 3.78 3.69 4.25 4.21 4.86 5.48 
Blue collar 0.74 0.61 0.53 0.44 0.47 0.46 0.36 0.34 0.30 

Craft  0.13 0.11 0.06 0.06 0.08 0.07 0.05 0.05 0.09 
Operatives 2.31 1.84 1.38 1.12 1.06 0.98 0.77 0.73 0.64 
Nonfa rm laborer 0.22 0.10 0.17 0.10 0.10 0.08 0.05 0.07 0.17 

Service 11.45 8.33 6.29 5.87 4.79 3.47 3.65 3.23 2.21 
Farm 0.46 0.46 0.45 0.34 0.19 0.24 0.45 0.34 0.30 

Note: Figures in the panel labelled " W o m e n "  ("Men")  show the proportion of all women (men) in 
the indicated occupational category in the indicated year. Figures in the panel labelled " W o m e n / M e n "  
show the ratio of  the female to the male proportion for the indicated occupational category for the 
indicated year. 

Sources: 
1900-50: Employment and Training Report of the President 1976, p. 387 (summary of Census data). 

Due  to rounding, figures for individual categories may not  sum to totals shown. 
1960-80: Statistical Abstract of the United States, 1981, Table 673, p. 401 (summary of Census 

data). 
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Table 2.19 
United States: Schooling completed by the female population, by age, 1980. 

Proportion of cohort whose highest 
Median schooling level completed was 

Years of Year years of > 4 years > 2 years > 4 years > 8 yrs >_ 5 years 
age in of school of of of high of elementary of elementary 
1980 birth completed college college school school school 

>_ 75 < 1905 8.9 6.4 12.3 34.3 72.8 89.6 
70-74 1906-10 10.6 8.1 14.8 41.5 79.4 93.5 
65-69 1911-15 11.4 7.6 13.9 46.0 82.8 94.8 
60-64 1916-20 12.1 7.8 14.3 53.8 86.9 96.0 
55-59 1921-25 12.3 8.2 15.7 60.8 89.5 96.6 
50-54 1926-30 12.3 9.9 18.0 64.2 91.2 97.1 
45-59 1931-35 12.4 11.2 19.7 69.1 92.6 97.5 
40-44 1936-40 12.5 13.1 22.4 73.6 94.4 98.1 
35-39 1941-45 12£ 16.4 26.9 78.5 95.8 98.6 
30-34 1946-50 12.8 20.2 32.4 83.3 96.6 98.8 
25-29 1951-55 12.8 20.5 34.0 84.7 97+3 99.0 

Source: 1980 Census of Population, Vol. 1, Characteristics of the Population, Chapter D, Detailed 
Population Characteristics, Part 1, United States Summary, Section A: United States, Table 262. 

in  t h e s e  r e g r e s s i o n s  is a n  e s t i m a t e  o f  t he  s e c u l a r  t r e n d  in  a g i v e n  g r o u p ' s  l a b o r  

f o r c e  p a r t i c i p a t i o n  ra te ,  a n d  t he  coef f ic ien t  o n  t h e  m a l e  u n e m p l o y m e n t  v a r i a b l e  is 

a m e a s u r e  o f  t h e  g r o u p  p a r t i c i p a t i o n  r a t e ' s  cyc l i ca l  s ens i t i v i ty .  

T h e  r e s u l t s  o f  t h i s  exerc i se  a p p e a r  i n  T a b l e  2.22. I n  gene ra l ,  t h e r e  is a s t r o n g  

s e c u l a r  u p t r e n d  in  t he  p a r t i c i p a t i o n  r a t e s  of  m o s t  f e m a l e  g r o u p s  (as  m e a s u r e d  b y  

t h e  s ize  a n d  s i g n i f i c a n c e  levels  o f  t he  i n t e r c e p t  p a r a m e t e r ,  a ) ,  e s p e c i a l l y  a m o n g  

Table 2.20 
Great Britain: Highest educational qualification attained 

by female population in 1981 by age. 

Year of 
Age in 1981 birth 

Percentage of cohort whose highest educational 
qualifications were at the level of 

Higher education Middle education Lower Education 

>_ 65 _< 1916 1.1 2.3 96.6 
60-64 .... 1917-21 1.2 3.3 95.5 
50-59 1922-31 2.1 4.4 93.5 
40-49 1932-41 3.6 6.3 90.1 
30-39 " ~+ !942-51 5.5 7.1 87.4 
25-29 ~1"952-66 . 8.1 8.1 83.8 

Notes: °' Higher education" includes university degrees and equivalent professional qualifications. 
"Middle education" includes qualifications beyond the GCE "A" level but below first degree level. 
"Lower education" means no qualifications attained beyond GCE "A" level. 

Source: Office of Population Censuses and Surveys, Census of 1981: Qualified Manpower Tables (10 
percent sample), Table 1. 
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Table 2.21 
United States: Marital status of women by age and year, in percent. 
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Ages 20-24 Ages 25-29 

Never Currently Never Currently 
Year married married Other married married Other 

1890 51.8 46.7 1.4 25.4 71.4 3.2 
1910 48.3 49.7 1.7 24.9 71.8 2.8 
1930 46.0 51.6 2.1 21.7 74.3 3.8 
1940 47.2 51.3 1.5 22.8 74.1 3.1 
1950 32.3 65.6 2.1 13.3 83.3 3.4 
1960 29.4 69.5 2.1 10.5 86.2 3.3 
1970 36.3 60.5 3.2 12.2 82.5 5.4 
1980 50.2 45.9 3.8 20.8 70.3 9.9 

Source: Smith and Ward (1984, p. 15), 

whites. Note  that  most  of the intercept or secular coefficients a in Table  2.22 are 
larger in absolu te  value than  are the analogous coefficients for men  in Pencavel 's 
Tab le  1.6. 

Tab le  2.22 also suggests that female labor force par t ic ipat ion is procyclical, in 
that  the coefficient on the (change in the) male unemploymen t  rate, b, is almost 
always negative and  are larger in absolute value than the analogous coefficients 
for men  reported by  Pencavel. However, in most  cases this relat ion is imprecisely 
est imated and  would not  be called significant at convent ional  test levels. 
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Figure 2.3. Age-specific birth rates for birth cohorts of 1890-1950, United States. Source: Smith and 
Ward (1984, p. 14). 
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Table 2.22 

United States: Estimates of trend (a) and cycle (b) in female civilian labor force 
participation rates, by race and age, 1955-82. 

Ages in years a b R 2 D-W 

White 

Total >_ 16 0.695*(0.080) - 0.102 (0.089) 0.05 1.09 
16-17 0.652* (0.226) - 1.098* (0.297) 0.34 1.58 
18-19 0.472*(0.204) - 0.198 (0.228) 0.03 1.74 
20-24  0.988"(0.175) - 0.021 (0.196) 0.00 1.50 
25-34  1.257"(0.183) 0.078 (0.204) 0.01 0.46 
35-44  1.006"(0.136) 0.024 (0.152) 0.00 0.74 
45-54  0.781"(0.135) -0 .105  (0.150) 0.02 0.74 
55-64  0.460"(0.151) - 0 . 1 8 9  (0.169) 0.05 0.95 
> 65 - 0.039 (0.075) - 0.085 (0.084) 0.04 1.36 

Black and other 

Total > 16 0.292"(0.114) - 0 . 067  (0.127) 0.01 1,99 
16-17 0.007 (0,444) - 0 . 226  (0.497) 0.01 2.58 
18-19 0.312 (0,601) - 0 . 509  (0.672) 0.02 2.43 
20-24  0.434 (0326) - 0.439 (0.364) 0.05 1.51 
25-34  0.709*(0,222) - 0.292 (0.248) 0.05 2.26 
35-44  0.437*(0.202) 0.405 (0.226) 0.11 1.52 
45 -54  0.305 (0.217) 0.219 (0.242) 0.03 1.65 
55-64  0.164 (0.270) - 0 . 5 0 0  (0.301) 0.10 2.24 
> 65 -0 .131 (0.170) -0 .085  (0.190) 0.01 2.53 

Notes: Estimated standard errors are in parentheses next to their associated regres- 
sion coefficients. " D - W "  is the Durbin-Watson statistic. For ease of reading, an 
asterisk has  been placed next to those point estimates more than twice their estimated 
standard errors. The data are taken from the Employment and Training Report of the 
President 1981 and from recent issues of Employment and Earnings; 28 observations 
are used in each regression summarized above. 

Thus, Table 2.22 and recent work by Clark and Summers (1981, 1982) and 
Coleman (1984) suggest that female labor force participation in the United States 
is not very sensitive to cyclical factors. [Joshi and Owen (1985) report similar 
findings for Britain.] In contrast, older work, most notably Mincer's (1966), 
found that participation- at least among married women- is strongly procyclical 
in the United States. A major difference between Mincer's work and the more 
recent work is that the latter controls either implicitly or explicitly for possible 
serial correlation (e.g. by first-differencing, as in our Table 2.22, or by maximum 
likelihood methods, as in Clark and Summers), whereas Mincer's work did not. 
Moreover, the~ecent results replicate Mincer's finding that the participation of 
teenage and prime-age women is relatively sensitive to cyclical variation; the 
finding of cyclical insensitivity in recent work has to do primarily with women 
age 45 or older. 
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2.2. Cross-section patterns of female labor supply 
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Most of the tables discussed in Section 2.1 present gross or unadjusted relation- 
ships between a measure of labor supply (e.g. labor force participation) and a 
single variable such as age or marital status. In this section we present a set of 
relatively simple adjusted relationships between labor supply and such variables 
in cross-section, where "adjusted" means that other factors have been held 
constant via simple statistical procedures. Although these adjusted relationships 
do not necessarily constitute a behavioral labor supply function, they do shed 
additional light on labor supply in the limited sense of documenting multivariate 
associations between labor supply and a number of variables of interest. 

Table 2.23 presents labor force participation equations fitted to 1960 Census 
microdata by Bowen and Finegan (1969) for six different groups of single and 
married women in the age groups 25-54, 55-64 and 65-74 (the youngest group 
of married women includes women age 14-24 as well). Since Bowen and Finegan 
used least squares regression, the results shown in Table 2.23 may be interpreted 
as estimates of linear probability models. 

In general, the results in Table 2.23 imply that labor force participation is 
strongly related to educational attainment, with greater schooling being associ- 
ated with increases (at a decreasing rate) in the probabifity of labor force 
participation. White single women below the age of 65 have a somewhat higher 
probability of participation than do black single women under 65, other things 
being equal; however, older white single women and all white married women 
have lower participation probabilities than do their black counterparts, other 
things being equal. Being (or having previously been) married is associated with a 
lower participation probability; so is having a large amount of "other income" 
(i.e. income other than own earnings, including transfer income). 

Table 2.23 also suggests that, other things (including marital status and 
number of children) being equal, there is a fairly pronounced inverted-U-shaped 
relation between the probability of participation and age, especially among 
married women: among younger women-single or married-being older is 
associated first with increased and then with reduced participation; among older 
women, participation tends to decline with age. Finally, for married women age 
14-54 with spouse present, the presence of children (particularly children under 
the age of six) reduces the probability of participation. 

2.3. Some cautionary remarks 

Although this section has been concerned with stylized facts about labor supply, 
we want to emphasize, in concluding it, that the stylized facts presented here may 
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not necessarily say much about structural, behavioral or "causal" labor supply 
functions. Wage-hours combinations observed either in cross-section or over 
time clo not necessarily trace out a behavioral ("causal") supply schedule. Rather, 
in general such data are the result of the interaction of both supply and demand 
(see, for example Chapter 1 by Pencavel in this Handbook). 

Thus, examination of stylized facts is only the beginning of a behavioral 
analysis, not the end. Accordingly, we now turn to theoretical models of labor 
supply and to empirical work aimed at deriving estimates of structural, behavior- 
ally interpretable labor supply parameters. 

3. Theoretical models and female labor supply 

We now consider theoretical labor supply models that are or might be used in 
studying female labor supply. Thus, we do not attempt to discuss comprehen- 
sively all important labor supply models: Pencavel (Chapter 1 in this Handbook) 

Table 2.23 
Ordinary least squares estimates of labor force participation equations fitted to data on 

individual women from the 1 /1000 sample of the 1960  U.S .  C e n s u s  o f  Population. 

( 1 )  (2) (3) (4) (5) (6) 
"Single", Married, spouse "Single", Married, spouse "Single", Married, spousc 
age 25-54 present, age 14-54 age 55-64 present, age 55-64 age 65-74 present, age 65 74 

Estimate of 
Intercept 82.2 57.3 71.7 56.8 60.8 27.4 

Years of school 
0 -4  Reference Reference Reference Reference Reference Reference 
5 7 -3.0(4.4) 8.5(2.3) 13.3(5.0) 1.7(3.1) 8.8(3.9) 1.3(2.1) 
8 6.5(4.3) 10.2(2.2) 15.4(4.9) 7.2(3.0) 11.3(3.8) 0.9(2.0) 
9-11 7.4(4.1) 14.0(2.1) 18.1(5.0) 9.8(3.1) 12.4(4.3) 0.9(2.3) 
12 12.3(4.0) 18.8(2.1) 24.2(5.1) 14.8(3.2) 15.2(4,2) 7,2(2.4) 
13-15 11.1(4.4) 21.9(2.2) 28.3(5.7) 19.9(3.6), 18.7(5.1) 3.9(3.0) 
16 14.8(4.7) 27"7(2"4) 7 28.3(6.1) 19.2(5.1) ~ 22.9(5.8)} 13.2(3.8) 
>_ 17 15.8(4.7) 41.6(3.2) ) 33.5(7.8) ) 

Ethnici O' 

Other ) Reference Reference Reference Reference Reference 
non-white] 1.6(3.6) ] 
White 0.6(2.2) - 6.9(1.1) 1.8(4.1 ) 4.4(3.0) 1,9(4.4) 6.6(2.8) 

Marital status 
Never ~, 
married" Reference NA Reference NA Reference NA 
Separated/ 
divorced 2.8(2.0) NA - 4.3(4.1 ) NA - 2.4(5.0) NA 
Widowed -'q0,8(2.4) NA - 7.2(3.1) NA - 16,0(3.4) NA 
Married - ~,,:, 
spouse -- 25.0(3.5) NA 13.4(6.1) NA 7.3(8.6) NA 
absent 

Employment status of husband 
Unemployed NA Reference NA Reference NA Rcfcrcnce 
Working NA 6.1(1.7) NA 6,9(4.2) NA - 8.5(5.3) 
Not in 
labor force NA 4.6(2.3) NA 7.4(1.9) NA - 9.3(1.4) 
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T a b l e  2.23 c o n t i n u e d  

(1) (2) (3) (4) (5) (6) 
"Single", Married, spouse "Single", Married, spouse "Single", Married, spouse 
age 25-54 present, age 14-54 age 55-64 present, age 55-64 age 65-74 present, age 65-74 

Other income 
< $0 
1-499 
500-999 
1000-1999 
2000-2999 
3000-3999 
4000-4999 
5000-5999 
6000-6999 
7000-8999 
9000-10999 
11000-14999 
15000-24999 
_> 25000 

Age 
14 19/55/65 
20 24 /56 /66  
25 29 /57 /67  
30 -34 /58 /68  
35 -39 /59 /69  
40 44 /60 /70  
45 49 /61/71  
50 54 /62 /72  

- / 6 3 / 7 3  
- / 6 4 / 7 4  

Presence (P)  
A / A / A  
P / A / A  
P / P / A  
P / A / P  
P / P / P  
A / P / A  
A / P / P  
A / A / P  

F-ratio 
nobs 
modv 

Ref: 
page 
table 

Reference ] Reference ] Reference 
4.2(2.2) ~ Reference - 1,0(3.4) ) Reference 10.0(4.1) 

- 20.4(3.3) ) - 34.2(3.5) } - 22,7(3.5) ] 
-5.6(2.4) --48.0(4.0) - 34.5(3.7) 

2.3(2.2 - 54.1(6.2) -41.2(5.6) 
- 4.2(2.1) 43.8(5,8) 
- 5.0(2.1) 

9.0(2.0) 
- 12.5(2.1) 
-18.9(2.1) 

23.4(2.2) 
27.4(2.3 
36.7(2.5 

- 52.2(3.3 

21.1(3.2) 
-63.3(6.1) 

Reference 

- 10.5(4.1) - 4.6(2.8) 
14.2(4.1) 3.9(2.8) 

- 15.5(4.1) 9.5(3.0) 
20.0(4.1 )~ - 11.9(3.2) 
18.2(4.1)] - 8.3(3.3) 
25.5(4.2)[ - 5.7(3.6) 
26.7(4.1)~ 9.6(3.2) 
34.3(4.5)[  44.7(6.9) 11.1(4.0) 
32.5(4.%] 6.5(3.7) 
34.0(5.0) / 
54.3(6.0)] } 7.9(4.0) 

NA Reference ) Reference \ \ 
NA 9.9(2.2) 7 Reference - 4.0(3.1) ) Reference [ Reference 

Reference 10.8(2.2) / 6.9(3.0) ~ 6 4(3 5) " 
0.1(3.3) 10.0(2.2) ~ - 8 . 5 ( 3 2 ) )  ' " ) 
3.4(3.2) 10.5(2.2) 7 6.6(3.2) 7.3(3.0))  I 2.9(i.5) 
2.0(3.0) 8.5(2.3) I  15.2(3.2))  13 .6 (3 .1 ) ,  
1.3(3.0) 3.6(2.3) ~ 11.6(3.0) 15.9(32)/  
2.4(2.9) 5.4(2.3) ) 15.9(3.4) ] 4.9(1.6) 

f NA NA NA 20.6(3.4) 7 16.5(3.3) 
NA NA NA 22.7(3.3) } 

14.1 5.4 
1,243 1,725 

24.6 7.4 

or absence ( A ) o] children age < 6 / 6  13/14 ~ 17 
- Reference 
- - 42.8(1.1) 
- 41.1(1.2) 
- - 32.5(2.2) 

- 35.4(1.5) 
- - 19.9(1.3) 
- - 19.6(1.2) 
- - 2 . 7 ( 1 , 0 )  

13.5 113.0 27.4 10.5 
1,662 22,021 1,215 3,464 

86.8 35.8 62.9 28.2 

664 670 694 698 696 701 
A-5 A-8 A-f6 A-18 A-17 A-19 

Notes: Estimates are from Bowen and Finegan (1969); see row labelled "Ref."  for page number and table number for 
each set of estimates. Standard errors appear in parentheses next to estimated coefficients. Number  of observations 
= "  hobs"; mean of dependent variable (labor force participation rate) = "  modv." All variables above are in the form of 
dummy variables, with "reference" indicating the category omitted from the list of variables. Under the heading "Age",  
the categories in the first column (14-19, 20-24, 25-29, etc.) were used in the regressions reported in columns 1 and 2 
(for single persons age 25-54 and married persons age 14-54, respectively); the categories in the second column (55, 56, 
57, etc.) were used in the regressions reported in columns 3 and 4 (for single and married persons 55-64); and the 
categories in the third column (65, 66, 67, etc.) were used in the regressions reported in columns 5 and 6 (for single and 
married persons age 65-74). "Single" denotes all persons other than those who are married with spouse present (e.g. 
never married, widowed, divorced, separated). "Nonwage income" is the sum of rental income, interest, dividends, 
alimony, pensions, and welfare payments. Variables for presence or absence of children indicate the presence or absence 
of children in three age groups: under 6 years old, between 6 and 13 years old, and between 14 and 17 years old. Thus, 
for example, " A / A / A "  denotes no children in any of the three categories; " P / A / A "  denotes the presence of children 
under six but no children age 6-13 or 14-17; etc. NA = not applicable. 
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provides a most useful treatment of many such models; and in any case our focus 
is on female labor supply rather than labor supply generally. 

Of course, there is no such thing as a distinct "model of female labor supply" 
per se: any theory worthy of the name ought to be just as applicable to men's as 
to women's labor supply. On the other hand, Section 3.1.1 points to a number of 
phenomena-marr iage,  the family, the occupational characteristics of labor 
supply - that seem to be important correlates of women's labor supply, and so are 
likely to be of particular interest for analyses of the labor supply of women. In 
analyzing the labor supply of women, it is therefore surely not unreasonable to 
focus on models that permit more than routine consideration of such factors. 

3.1. Static models 

We begin by considering static labor supply models in which decisionmakers are 
assumed to act as if actions taken today were irrelevant to tomorrow's economic 
environment, and in which accumulation of nonhuman and human wealth is 
ignored. From the standpoint of analyses of female labor supply, three kinds of 
topics seem particularly interesting: the role of the family; the allocation of time; 
and the heterogeneity of jobs. 

3.1.1. Models of family labor supply 

Family membership and its obligations seem to be very important correlates of 
levels of and trends in labor supply among women. (For example, the level of 
labor supply is generally lower but the positive trend in labor supply has usually 
been much stronger for married women than for single or other women.) Models 
that allow explicitly for the impact of family membership on decisions about 
hours of work, participation, etc. are therefore potentially quite useful for the 
analysis of female labor supply. 

The conventional family labor supply model extends the analysis of the single 
individual by postulating a single decisionmaking unit, the family, which maxi- 
mizes a twice-differentiable quasiconcave preference function 

v =  .,Lm,C), (1) 

where L i is the "leisure" (nonmarket) time of family member i and C is the 
family's consumption of a composite consumer good. This maximization is 
subject to the constraint that total family income- the  sum of its exogenous 
income R and the earnings of its m members-  may not exceed the family's total 
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expenditure on the consumer good: 

1 2 7  

P C  <_ R + ~_, Wi l l  i, (2) 
i 

where P is the price of one unit of the composite good, R is the amount of 
"exogenous" income (e.g. dividends) received by the family per period and W~ 
and H i are the wage and hours of work of family member i per period, 
respectively. Available time is divided between market work and leisure, so that 
H i + L~ = T, where T-- total available time per period. 

The first-order conditions for a maximum of (1) suNect to (2) are 

P C  = R + Y'. W~Hs, (3) 
i 

U i - / ~ W  i>_O, with > ~ H  i=O,  (4a) 

U c -  ~ P  =O , (5) 

where/~ is a Lagrange multiplier that may be interpreted as the marginal utility 
or income to the family, U c is the partial derivative of U with respect to C, and 
U~ is the partial derivative of U with respect to L~. Note that (4a) allows for 
corner solutions, i.e. cases in which L i = T for at least some of the family 
members i. [Since the participation rate of married women is generally well below 
unity, this aspect of (4a) is particularly important.] 

The comparative statics of the family labor supply model turn out to be very 
similar (often, identical) to those of the standard model of consumer behavior, in 
which an individual allocates a fixed income (and therefore does not treat labor 
supply or leisure as choice variables) among n different consumer goods. In 
particular, total differentiation of (3)-(5) yields the following results concerning 
(any pair of) family members i and j when all members work: 

d L,/dW~. = ix ( f i j / I F I ) -  Hj (F i / IFI ) ,  (6) 

d L J d R  = - F~ / IF  l, (7) 

d L J d P  = t~( f , c / I F I )  + C(  F J I F I ) ,  (8) 

where F i and F,j are the cofactors of the elements - W i and U, j, respectively, in 
the matrix F, the bordered Hessian matrix of the utility function (i.e. the matrix 
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of second derivatives of U bordered by the - W~ and - P),  and where 

F =  

o - w 1  . . . .  wm - P -  

- w1 v n  . . .  u ,c  

-win wmx "'" Wmm Umc 

- p Uc1 ' ' '  UCr n UCC 

(9) 

The similarity between (6)-(8) and the analogous expressions obtained in the 
s tandard model  of consumer behavior [see for example, Hicks (1946, esp. pp. 
303-314)] 2 is evident. The main difference between the two models has to do 
with the fact that, in the labor supply model, the commodity  " t ime"  is sold (in 
which case it is called work) as well as consumed (in which case it is called 
leisure), so that whereas in the consumer behavior model increases in commodity 
prices reduce utility, in the labor supply model an increase in the price of time 
raises utility. 

The first term on the right-hand side (RHS) of (6) is called the compensated 
cross-substitution effect (or, when j = i, the compensated own-substitution effect) 
on i ' s  leisure of an increase in j ' s  wage. It refers to the effect on i ' s  leisure time 
of an increase in j ' s  wage with exogenous income R adjusted so as to keep 
family utility U constant. The total effects of wage changes - the  sum of the two 
terms on the RHS of (6) - are uncompensated effects of wage changes. The leisure 
times of family members i and j are said to be substitutes or complements in the 
Hicks-Al len  sense depending on whether the cross-substitution term in (6) is 
positive or negative, respectively. By the same token, the first-term on the RHS of 
(8) represents the cross-substitution or income-compensated effect of a rise in the 
price of market  goods, P, on family member  i ' s  leisure time, Li, and is positive 
or negative depending on whether C and L i a r e  substitutes or complements, 
respectively. 

The second terms on the RHS of (6) and (8), and the sole term on the RHS of 
(7), is an income effect. By definition, an increase in exogenous income will 
increase i ' s  leisure time if i ' s  leisure is a "normal"  good to the family, and will 
decrease i ' s  leisure time if i ' s  leisure time is an "inferior" good. By (6) and (8), 
increases in wages and prices, respectively, are to some extent akin to increases in 
exogenous income: at a given level of hours of work H j ,  an increase in the wage 
Wj of family Member j l i n c r e a s e s  family income by Hj times as much as a $1 
increase in exogenous indome R and so will have H j  times as big an income 

2Although (6)-(8) refer to leisure, recall that it is assumed that L i + H i = T, so that- at least in this 
model- any change in leisure time is always accompanied by an opposite-signed change in hours of 
work of equal absolute magnitude. So one may readily convert (6)-(8) to expressions for changes in 
H i by simply multiplying their RHS by - 1. 
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effect; at a given level of consumption C, an increase in the price level P reduces 
family income (in real or constant purchasing-power terms) by C times as much 
as a $1 reduction in exogenous income R and so will have C times as big an 
income effect. 

The empirical content of the model consists of a number of properties that are 
implicit in constrained (family) utility maximization. The most important of these 
are homogeneity, symmetry, negativity and negative definiteness. First, the 
family's leisure and consumption demand functions are homogeneous of degree 
zero in all wages, exogenous income and the price level taken together: leisure 
and consumption decisions depend only on real (and not on nominal) variables; 
there is no money illusion. 

Second, since F is symmetric because the utility function (1) is assumed to be 
twice differentiable, it follows that F~j = Fji, and thus that pairs of cross-substitu- 
tion effects between the same two family members are equal-the property of 
symmetry. As Ashenfelter and Heckman (1974, p. 75) put it, symmetry means 
(among other things) that "an income compensated change in the husband's 
wage rate has the same effect on the wife's work effort as an income compensated 
change in the wife's rate has on the husband's work effort". 

Third, F is negative definite, implying that F~JlFI < 0, and thus that all 
own-substitution effects of wage changes on leisure are negative-the property of 
negativity. The negative definiteness of F also implies that the matrix of own- and 
cross-substitution effects is itself negative definite; for example, in a family with 
just two members, 1 and 2, both of whom work, negative definiteness implies 
that, at the family's optimum, 

Sll S12 S1C [ 
s21 s22 S2c <0, (10) 
SC1 SC2 SCC 

>0  (i =1,2), (11) 
s21 s22 Sc, Scc 

where si] = F ,y / IF  I is the own- or cross-substitution effect on i of the price of j. 
Recall that (6)-(8), (10) and (11) hold only if all family members work. In the 

general case in which some family members do not work, the leisure times of 
nonworking members do not change in response to sufficiently small changes in 
wages, exogenous income and the price level, so that expressions analogous to 
(6)-(8), (10) and (11) apply in the general case only to the subset of working 
family members. (Hence, in that case, F must be redefined to refer only to 
working members.) Families in which some members j have Hj = 0, Lj = T, may 
be said to be "rat ioned"-that  is, such families are unable to "purchase" the 
amount of Ly they would desire to have if it were possible to ignore the 
constraint Ly < T. 
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It is interesting to note that such rationing has implications for the behavior of 
the family's "unrat ioned" members. 3 Much discussion of this notion relies on the 
Le Chatelier principle [see, for example, Samuelson (1947, pp. 36-46, 168-169)], 
which, in general terms, says that an individual with more options will have a 
more elastic supply (or demand) function in absolute value. Kniesner (1976) 
invoked this principle to argue that the substitution effect of a rise in the 
husband's wage on the husband's hours of work will always be more positive in 
families in which both spouses work than in families in which the wife does not 
work; and that if the spouses' leisure times are complements (substitutes) and are 
both normal, the negative income effect of a rise in the husband's wage on the 
husband's hours of work will be larger (smaller) in absolute value when both 
husband and wife work than when only the husband works. However, as 
Samuelson (1960) notes, such comparisons hold only at the identical consump- 
tion bundle, so that their usefulness in analyses of actual rationed and unrationed 
couples (whose consumption bundles are almost surely different) is somewhat 
limited. 

By imposing additional structure on the problem (e.g. by assuming that the 
household utility function is quadratic in the vicinity of equilibrium), however, 
Heckman (1971, Essay III) was able to derive similar results for rationed and 
unrationed households with potentially dif ferent  consumption bundles. For exam- 
ple, consider two households each facing the same wages and prices. One is 
unrationed, i.e. both husband and wife work; in the other, "rationed," household, 
the husband works but the wife does not. Then, under Heckman's assumptions, 
one can show (i) that the male compensated substitution effect will be smaller in 
the rationed than in the unrationed household; (ii) the income effect on consump- 
tion will be larger (smaller) for the unrationed household provided the wife's 
home time and consumption are net substitutes (complements); and (iii) the 
compensated or cross-substitution effect of a rise in the male wage on household 
demand for goods will be smaller (larger) in rationed households if one spouse's 
leisure is a net substitute for market goods whereas the other's is a net comple- 
ment (if the spouses' leisure times are both either net complements or substitutes 
with market goods). 

Like those discussed earlier, these propositions are consequences of the as- 
sumption that family members' decisions are the outcome of optimization of a 
well-defined family utility function. However, families are made up of individu- 
als, and can either grow or dissolve: where, then, do family utility functions come 
from? There afe~.several possible answers to this question. The first is that all 
family members simply 0~nform to the preferences of one of the family's 

3See Deaton and Muellbauer (1981), Hausman and Ruud (1984), Kooreman and Kapteyn (1984a), 
and Ransom (1985a, 1985b) for discussion of the implications of this kind of "rationing" for 
specification and estimation of family labor supply functions. 
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members ,  who  m a y  be called the family head. This answer begs the question of 
how a head  is chosen and why other family members  choose to obey  the head. 
T h e  second way  to just i fy the family utility funct ion is to assert tha t  the social 
choice condi t ions  for the existence of a well-behaved social (i.e. family)  utility 
funct ion  are satisfied. The  difficulty here is that  such existence condi t ions are 
ra ther  s t r ingent  [on this, see Samuelson (1956)], especially for families settling 
issues concern ing  mult iple  at tr ibutes [Mueller (1981)]. 

A third ra t ionale  for the family utility function relies on in t rafamily  resource 
t ransfers  and  an assumpt ion  that  family members  "ca re"  for one ano ther  (in the 
sense that  family  m e m b e r  i ' s  utility is affected by m e m b e r  j ' s  consumpt ion  of 
goods  and  leisure). As Becker (1974, p. 331) puts  it, " . . . i f  one m e m b e r  of a 
h o u s e h o l d - t h e  ' h e a d ' - c a r e s  enough about  all o ther  members  to transfer  re- 
sources to them,  this household would act as i f  it maximized the ' head ' s '  
p re ference  function,  even if the preferences of  other member s  are qui te  different". 
(He  later adds,  p. 343: " I n  effect, t ransfers between member s  el iminate the 
conflict  be tween  different members '  utility functions.")  

The  difficulty with this claim is that it is not  generally true [Bergstrom (1984)]: 
In general,  m y  acting so as to maximize my  spouse 's  utility will no t  ensure that  
m y  own utili ty will be  maximized even if my  spouse cares for  me  (and is willing 
to t ransfer  resources  to me) to some extent; and my acting so as to maximize  my 
own utili ty will not  ensure that  my spouse 's  utility will be  maximized  even if I 
care for m y  spouse (and so am willing to transfer  resources to m y  spouse) to 
some  extent.  4 At  least in this sense, then, caring and int rafamily  transfers  are not 
general ly sufficient to "e l iminate  the conflict between different [family] members '  
util i ty funct ions ."  That  does not  mean that  being a family m e m b e r  can never be 
bet ter  than not  being par t  of  a family; but  it does mean  that  an individual  family 
m e m b e r  m a y  have reason for questioning whether  obeying the dictates of the 
family  util i ty funct ion will yield his or  her potent ia l  o p t i m u m  o p t i m o r u m  within 
the f a m i l y - a n d  that  int rafamily conflict may  well ensue. 

Perhaps  with these difficulties in mind,  some researchers have developed 
al ternat ives to the family utility model  [Pollak (1985)]. Leuthold (1968) casts 
family  labor  supply  decisions in a f ramework  that  is formal ly  rather  similar to the 
analysis  of  duopo ly  [Allen (1938, esp. pp. 200-204)]:  each individual  family 
m e m b e r  maximizes  his or  her own individual utility, assumed to depend  on the 

4For example, consider a very simple model of a family of two persons, m and f, with fixed 
endowments of wealth Z m and Z! and utility functions U m = ( Z , , -  A)" + ( Z f  + A) h and /~ = 
( Z  m - A)Y + ( Z / +  A) , respectively, where A is the amount (negative or positive) that m transfers to 
f. (Note thai since wealth is assumed fixed, labor supply is implicitly also assumed fixed, in the 
interest of simplification.) Then it is straightforward to show that, in general, maximizing m's utility 
will not simultaneously result in maximization of f ' s  utility, and vice versa. [Equivalently, it can be 
shown that when the first order condition for a maximum of m's (f 's) utility with respect to A is 
satisfied, the first order condition for a maximum of f ' s  (re's) utility with respect to A is not 
generally satisfied.] 
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individual's own leisure time and on f a m i l y  consumption C, i.e. 

u = u (L , ,  c ) ,  (a2) 

subject to the family budget constraint (2). Thus, the existence of the family is 
taken as given, and all consumption is implicitly assumed to be a public good. In 
the duopoly model, each firm seeks to maximize its own profit, but its actions 
affect the other firm's profit (and hence the other firm's behavior, and hence, 
indirectly, its o w n  profit) because they share the same market. In the Leuthold 
model, each spouse seeks to maximize his or her own utility, but each family 
member 's  own actions affect the utility and behavior of all other members (and 
thus ultimately their own actions) because (i) each family member is assumed to 
derive utility from family consumption C, and (ii) all family members pool t he i r  
incomes and are subject to the common budget constraint (2). 

Specifically, in this formulation the leisure times and labor supplies of other 
family members j do not directly affect the utility of family member i, but they 
do have indirect effects through their impact on C. Thus, instead of the family 
utility model's cross-substitution effects, the individual utility model has what 
may be called indirect income effects. In other words, in the family utility model, 
the existence of a single family utility function means that a change in the wage 
of family member j has a cross-substitution effect on i 's  labor supply that is of 
indeterminate sign but equal in magnitude to the cross-substitution effect on j ' s  
labor supply of a change in i 's  wage. In contrast, in the individual utility model, 
each individual maximizes his or her own utility function, but changes in the 
wages 15f other family members still affect each member's behavior because all 
members pool their income. Hence, a change in j ' s  wage generates what may be 
called an indirect income effect on i 's  labor supply that is necessarily negative (so 
long as leisure times are normal goods) but not necessarily equal to the indirect 
income effect of a change in i 's  wage on j ' s  labor supply. Thus, whereas the 
family utility model provides predictions about the magnitudes but not the signs 
of its cross-substitution effects, the individual utility model provides predictions 
about the signs but not the magnitudes of its indirect income effects) 

Bargaining models of family behavior [e.g. Horney and McElroy (1978), 
Manser and Brown (1979, 1980), McElroy and Horney (1981)] provide an 
alternative formulation of family labor supply decisions. 6 The essential idea is to 

5See Killingsw~rth (1983, esp. pp. 35-36) for further discussion. Bourguignon (1984) presents a 
modified version of the Leuthold model and discusses empirical tests of this model against conven- 
tional family-utility models of labor supply. For empirical analyses, see Ashworth and Ulph (1981), 
Kooreman and Kapteyn (1985) and Leuthold (1968). 

6Mention should also be made of two somewhat less formal analyses of family labor supply 
decisions. Brown (1985) presents an institutional model of wives' labor supply decisions that 
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treat the decision of individual family members (and, indeed, the very existence 
of the family) in game-theoretic terms. For example, McElroy and Homey (1981) 
derive a Nash-bargained system of labor supply and commodity demand equa- 
tions for each individual in a two-person household as the outcome of a 
constrained static, non-zero-sum game. This generalizes Leuthold's approach 
because it does not take the family as given and because it allows for private 
goods; unlike Leuthold, however, it ignores public goods. 

Three features of such bargaining models are particularly noteworthy. First, 
because they explicitly treat alternatives to marriage as well as behavior within 
the family, bargaining models can be used in analyses of marriage and divorce. 
Second, within the family, differences in the distribution by recipient (husband, 
wife, etc.) of exogenous income may lead to differences in their bargaining 
strengths and, hence, their behavior, so that each individual family member's 
exogenous income appears as a separate argument in each demand equation (for 
leisure times, consumption, etc.). Third, some bargaining models [e.g. the Nash 
demand system developed by McElroy and Homey (1981)] retain some of the 
properties of the family utility model (e.g. homogeneity) and nest others (e.g. 
symmetry) as special cases. Thus, in principle, empirical analyses of hours of 
work can be used to test whether the bargaining model reduces to the conven- 
tional famility utility case [for examples, see Homey and McElroy (1978) and 
Manser and Brown (1979, 1980); work based on bargaining models by Bjorn and 
Vuong (1984, 1985) considers labor force participation as opposed to hours of 
work]. 

Unfortunately, such tests are not necessarily straightforward [Ashenfelter 
(1979)]. One problem is that, precisely to the extent that bargaining models 
generalize the conventional model, one in effect abandons the sharp testable 
implications of the latter without necessarily putting alternative clearcut predic- 
tions in their place. The essential reason for this is that bargaining models are 
formally equivalent to Basemann's (1956) model with prices in the utility func- 
tion, a situation in which testable restrictions of conventional theory frequently 
do not survive. A second problem is that, as a practical matter, it is likely to be 

emphasizes interdependency of families and the role of an individual family's relative income 
position, h la Duesenberry (1952) and Veblen (1973). Grossbard-Shechtman (1984) adopts an 
individual utility function whose arguments include household time supplied by other persons and a 
budget constraint specifying that expenditures on market goods produced and on time supplied by 
other persons may not exceed the sum of nonwage income, earnings from market work and earnings 
from supplying household time to other individuals. Pay for market work w and implicit prices of 
household time p* that the individual receives from or supplies to others are determined in labor and 
marriage markets, respectively; changes in exogenous factors (e.g. the relative size of the male or 
female population) affect marriage markets, the relative magnitudes and absolute levels of w and the 
p* and, thus, labor supply decisions and marriage rates. 
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quite different to measure certain variables that play a key role in bargaining 
models, namely the exogenous income flows that are under the control of 
particular family members. A final difficulty is common to conventional and 
bargaining models of family behavior: as Samuelson (1947, pp. 111, 150; 1960, 
p. 13) observes, the fact that data do not come in infinitesimals means symmetry 
is not truly testable, and that the only propositions of utility maximization that 
are truly testable are propositions relating to revealed preference (which are 
formulated in terms of discrete, not infinitesimal, changes). 

3.1•2. Models of the allocation of time 

As noted in Section 3.1.1, the labor supply of womeo, especially married women 
seems to have increased secularly by appreciable amounts, whereas, in contrast, 
male labor supply seems to have fallen over time (see Pencavel, Chapter 1 in this 
Handbook)• Also, as shown in Section 3.1.3 below, much-a l though by no means 
a l l - o f  the available empirical evidence suggests that (1) the own-wage uncom- 
pensated elasticity of labor supply of women is positive and fairly large, (2) the 
exogenous-income elasticities of both men and women are small and (3) the 
own-wage uncompensated labor supply elasticity of men is small and perhaps 
even negative. This being the case, it is certainly possible (especially if cross-wage 
effects are ignored) to devise a relatively simple explanation for the difference in 
secular trends of men's and women's market work: secular increases in exogenous 
income have had a minor negative effect on both groups; secular wage increases 
have reduced men's labor supply to a minor degree and have increased women's 
labor supply to a substantial degree. 

However, this explanation begs an important question: Why is the female 
uncompensated wage elasticity of labor supply relatively high, as suggested in 
many empirical studies? 

In principle, answering this question is also fairly straightforward. The first 
step is to apply to commodity demands the discussions of input demands of 
Hicks (1965, pp. 242-246), Marshall (1920, pp. 386, 852-853), and Pigou (1946, 
p. 682): the elasticity of demand for a good (in this case, leisure) with respect to 
its price (in this case, the wage rate) will be greater, the greater is the availability 
of alternatives to that good. The next step [Mincer (1962, 1963)] is to observe that 
women in effeqt have more alternative uses for their time market work, home 
work and leisure ~,~ than domen,  who for the most part divide their time between 
only two uses, market work and leisure. In other words, the substitution towards 
market work that men undertake when their wage rises is primarily a substitution 
away from leisure, whereas a wage increase leads women to substitute away for 
both leisure and home work. This argument does not explain why home work is 
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p r i m a r i l y  w o m e n ' s  work. However ,  it does at  least  suggest, a lbei t  informal ly ,  7 
w h y - w h e n  tha t  is s o - w o m e n ' s  l abor  supply  might  be  more  wage-elas t ic  than 
men 's .  

There  r ema ins  the task of  dressing these ra ther  imprecise  ideas  in formal  
c lothing.  In  do ing  so, researchers  have moved  away from a p r e oc c upa t i on  with 
m a r k e t  work  and  the ra ther  diffuse concept  of  " le i sure" ,  and  towards  a more  
genera l  t r e a tmen t  of  the a l loca t ion  of t ime a long a grea t  var ie ty  of  activit ies.  

Becker  (1965) remains  the bas ic  inspi ra t ion  for  much  work  a long these lines. In  
his app roach ,  the  bas ic  objects  of  choice are not  c o n s u m e r  goods  and  leisure 
t imes,  bu t  r a the r  commodities (somet imes  cal led activities), Z~, which are " p r o -  
d u c e d "  us ing  consumer  goods  C i and  t ime as " i n p u t s " :  t ime, cook ing  utensils 
a n d  raw ingred ien t s  p r o d u c e  a cooked  meal;  t ime and  a television set p roduce  a 
fo rm of  en te r t a inmen t ;  and  so on. Hence,  the family ' s  ut i l i ty  U is now given by  

U = U ( Z 1 , . . . ,  Z u ) ,  (13) 

where,  in turn,  Z i is given by  the household production function 

Z, = f ' (  C , , , . . . ,  Cz,, L , ,  . . . . .  Lmi ), (14) 

where  C,. i is the  amoun t  of  the c th  consumer  good  devoted  to p roduc t i on  of  the 
i t h  c o m m o d i t y  and  Lki is the amoun t  of t ime of the k t h  family m e m b e r  devoted 
to p r o d u c t i o n  of  Z r As  before,  max imiza t ion  of ut i l i ty,  as given by  (13), is 
subjec t  to the usual  family  budget  const ra int ,  (2). The  model  yields  a set of 

VThere is, however, a technical caveat to this argument. Leisure demand is simply thc sum of 
demands for all different uses of nonmarket time (which, by Hicks' composite commodity theorem, 
can legitimately be aggregated to form a single composite, leisure, because the price of each use of 
nonmarket time is the wage rate); but an increase in the elasticity of demand for one component in 
this composite (e.g. nonmarket work) need not increase the elasticity of demand for the composite 
(total nonmarket time) itself. For example, assume that there are only two kinds of nonmarket time: 
nonmarket work, L(1), and "pure" leisure, L(2), with composite leisure L equal to L(1)+ L(2). It 
can be shown [Heckman (1971)] that the income-compensated elasticity of demand for L is equal to 
s(LL) = s(11)+ 2s(12)+ s(22), where s(ij) is the compensated elasticity of L(i) with respect to the 
price of L(j)  (i, j ,  = 1 or 2) and where s(LL) and s(ii) are negative by concavity of preferences. It 
can also be shown that in the restricted case, when L(1)= 0 (as for the stereotypical male), the 
restricted compensated demand elasticity for L, s(LL)*, is given by s(LL)* = s(l l)  [s(12)2/s(22)] 
(<  0, again by concavity of preferences). Since both s(LL)* and s(LL) are negative, we have 
0 > s(LL)*> s(LL) (i.e. the stereotypical male's compensated elasticity of total leisure demand is 
smaller in absolute value than that of the stereotypical female) if and only if s(12) _< - s(22). This 
condition always holds if L(1) and L(2) are net complements (s(12) < 0), and will also hold if L(1) 
and L(2) are not "too substitutable". [If L(1) and L(2) were in fact strong substitutes in the sense 
that s (12)>-s(22)  (>  0), then any restriction on performing home work L(1) would-while 
reducing the compensated elasticity of demand for home work s ( l l ) -  end up increasing the elasticity 
of demand for pure leisure L(2) by so much that the elasticity of demand for total leisure, 
L = L(1)+ L(2), would actually increase.] 
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functions for the time devoted by each family member k to production of each 
activity i; k ' s  hours of work are simply the residual, i.e. H k = T -  ~ i L k r  

The main advantage of the time allocation model lies in the fact that it treats 
explicitly the diverse uses to which nonmarket time may be put, thereby permit- 
ting quite detailed analyses of the nonmarket behavior of family members [see, 
for example, Gronau (1977) and Chapter 4 in this Handbook; Kooreman and 
Kapteyn (1984b)]. One study [Leibowitz (1974, pp. 246-247)] even finds that 
husbands' and wives' times are substitutable in the production of meals at the 
marginal rate of ten minutes of husband time for each five minutes of wife time! 
More generally, the model emphasizes a point that is implicit in conventional 
analyses but all too often ignored: goods prices as well as wage rates affect 
decisions about work and leisure; wage rates as well as goods prices affect 
decisions about consumption. [See, in particular, Mincer (1963) and Owen (1969, 
1971).] In addition, the time allocation approach suggests ideas for specifying the 
functional form of empirical labor supply models [Wales and Woodland (1977)] 
and for elaboration of conventional models [see, for example, Atkinson and Stern 
(1981)]. 

Finally, the time allocation model provides a useful framework, largely absent 
from the quite abstract conventional labor supply model, for analyzing a variety 
of factors that may affect labor supply. For example, researchers since Long 
(1958, ch. 7) have discussed informally the labor supply effects of improvements 
in "household technology" - better stoves, refrigerators, etc.; and it is natural in 
the context of the time allocation model to treat such improvements as technical 
progress in the household production functions. [However, it should be noted 
that work such as that of Fisher and Shell (1971) provides a means of treating 
"quality change" or improvements in existing consumption goods within conven- 
tional consumer-behavior models.] 

On the other hand, although the time allocation approach clearly represents a 
great advance in the analysis of nonmarket time, its potential for contributing to 
the understanding of market t ime-hours of work-should not be exaggerated. In 
this respect, the abstraction of the conventional model is perhaps misleading: 
even though the conventional model says nothing explicit about the different uses 
to which nonwork time may be put-meaning that the time allocation approach 
is clearly superior for analyses of nonwork time-virtually all of the time 
allocation model's predictions about labor supply can also be derived using the 
conventional approach. In this respect, there is little in the time allocation 
approach thatches not also in the conventional approach, even if the former 
provides a much more detailed description of the setting in which labor supply 
decisions are made. 

The main reason for this is that, in the time allocation model as in the 
conventional formulation, labor supply and consumption decisions ultimately 
depend on wages, prices and exogenous income, and utility can always be written 
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as a function of leisure (nonmarket) times and consumption goods. To see why, 
note first that one can substitute the household production functions, (14), into 
the utility function, (13), to obtain: 

U = U [ Z l ( C l l  . . . . .  Czl, L l l  . . . . .  Lml) . . . . .  Zn(C1 . . . . . .  Czn, LI  . . . . . .  Lmn)]. 
(15) 

Moreover, the opportunity cost of devoting an hour of family member i 's time to 
any nonmarket activity is his or her wage, W~; and the opportunity cost of 
devoting a unit of consumer good j to any nonmarket activity is likewise the 
price of that good, Pj. Thus, one may invoke the composite commodity theorem 8 
and aggregate the nonmarket times of each family member i devoted to the 
various activities into a single composite leisure time, Li; similarly, the amounts 
of each consumer good j devoted to the various activities may be aggregated into 
a single composite consumption good, @. Just to pursue this aggregation to the 
limit, one can then aggregate the individual composite consumption goods 
into a single composite commodity C using the prices Pj of the individual goods 
Cj as weights. The end result, then, is,that the utility function (15) reduces to 
relation giving utility as a function of the total leisure (or nonwork) times of the 
rn different family members and of a composite good C-exact ly as in the 
conventional model; and all of the major properties of labor supply and com- 
modity demand functions found in the latter will also appear in this rewritten 
version of the time allocation model. 9 

8See Hicks (1946, pp. 312-313). As applied to labor supply models, the theorem asserts that if the 
prices of a set of consumption goods (or leisure times) always stay in the same relation to each other, 
then the set of consumption goods (or leisure times) can he treated as a single composite good for 
purposes of analysis (where the amount of the composite good may be measured as the relative 
price-weighted sum of the individual goods themselves). Thus, for example, if consumer goods prices 
stay in the same relation to each other, then instead of writing utility as a function of n different 
consumer goods and leisure, one may group the n goods into a single composite, C, and analyze the 
choice of C and L. In the present case, any hour of family member i ' s  time always entails the same 
opportunity cost, namely i 's  wage rate IV,,, so the price of i ' s  time in any use relative to any other use 
is always unity. Hence, the nonwork or leisure hours that i devotes to different activities Z may all be 
aggregated into a single leisure composite L, which-s ince  all relative prices are un i ty - i s  simply i ' s  
total leisure time. 

9Becker (1965, p. 505) appears to think that this is not necessarily the case and, in particular, that 
the own-substitution effect of a wage increase on labor supply need not be positive in the time 
allocation model (as must be the case in the conventional model). However, this conjecture is 
incorrect [for example, see Atkinson and Stem (1981)]. It should be noted that the discussion in the 
text assumes an interior solution for leisure time for the household's members (since, if a household 
member does not work, the opportunity cost of his or her time exceeds the relevant real wage rate, 
and aggregation of the member's nonmarket time allocations using his or her real wage is inap- 
propriate). Thus, it is possible that the time allocation model may offer insights into nonparticipation 
that do not appear, or are not as readily apparent, in the conventional approach. (We thank Ricardo 
Barros for pointing this out to us.) 
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To appreciate the nature of these issues in concrete terms, it is instructive to 
consider how one might use a very simple version of the time allocation model in 
analyzing the level and elasticity of women's labor supply [see Graham and 
Green (1984) for an empirical application similar to the one described here]. 
Consider a family consisting of two persons, m and f ,  whose well-behaved utility 
function depends on the family's consumption of just one activity Z, such that 
U = Z". Activity Z is produced via inputs of the family members times L i and of 
a single consumer good C according to the constant-returns-to-scale Cobb-  
Douglas production function Z =  L~LbC 1-~-b.  The family maximizes utility 
subject to the constraints imposed by this production function and by the usual 
budget constraint, (2). A little manipulation of the first-order conditions for a 
maximum with respect to the Li and C yields the following expression for the 
utility-maximizing level of L~ at an interior optimum: 

L i = A i F / W  i, where AI = a, A,~ -- b, (16) 

and where F =  R + T(Wf + W,,), the family's "full income" (i.e. the maximum 
income attainable, reached if both m and f work all available hours T). Note 
that (16) implies that, even if m and f can earn equal market wages, f will 
devote more time to nonmarket work than m provided f is "better" at 
producing the nonmarket activity Z (i.e. provided a > b), and that this difference 
will be even greater if Wf < Win- Here, then, is a simple explanation for married 
women's relatively low level of labor supply: in terms of. the time allocation 
model, the reason is (at least, could be) a greater elasticity of output of activity Z 
with respect to married women's nonmarket time. 

Exactly the same reasoning also provides a simple explanation for the rela- 
tively large elasticity of married women's labor supply. Use (16) and the fact that 
H i = T - L  i to obtain the equation for the labor supply H i of each family 
member, and then use this labor supply equation to obtain the own-wage 
uncompensated elasticity of i 's labor supply, e,:  

e ,  = ( A J H i ) [ (  F / W ~ ) -  T ] .  (17) 

So long as f is "better" at nonmarket production than m (in the sense that 
a > b), A f / H / >  A m / H , ,  and so eff > emm even if Wf = W m. These conclusions 
are reinforced if Wf < W,,. In other words, this simple version of the time 
allocation m&lel implies that so long as wives are "better" at (have a higher 
output elasticity in) nonmarket production than husbands and earn wages no 
greater than those of (their) husbands, the level of labor supply will be lower but 
the elasticity of labor supply will be greater for wives than for husbands. 

That such a simple model can account for two very important stylized facts 
about female labor supply noted in Section 3.1.1 seems, at first glance, quite 
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impressive. Unfortunately, there is less to these results than meets the eye; in 
particular, they do not establish the superiority of the time allocation model over 
the conventional model for purposes of understanding the labor supply of (for 
example) wives. To see why, note that one would get identical conclusions by 
simply assuming a conventional Cobb-Douglas  utility f-nction, 

a* b* ¢* U = L ~ L m C  , (18) 

where, in terms of the time allocation model, a * = a c ,  b * = b c  and c * =  
c(1 - a - b). Maximization of (18) subject to (2) also yields the expressions (16) 
and (17) for the level of nonmarket  time and the elasticity of labor supply of the 
two spouses; the only difference is that whereas the time allocation model would 
interpret differences between m and f in leisure and elasticity of labor supply as 
a result of household production function elasticity differences, the conventional 
model would interpret such differences as a consequence of different utility 
function parameters.  1° Moreover, much of the power of the household produc- 
tion function approach rests on some special assumptions-e .g ,  separability, the 
absence of joint  production, etc. [Pollak and Wachter, (1974)]-which are not 
required for (and whose imposition could effectively restrict the scope of) analysis 
of labor supply per se. Finally, the key variable in the time allocation approach, 
"ou tpu t"  of the activity Z, is unobservable, which means that from an empirical 
s tandpoint  the two models are indistinguishable for all practical purposes. 

In sum, although the time allocation approach may be useful in analyses of 
different uses of nonmarket time, the novelty of the model and its potential 
usefulness for analyses of market t i m e - l a b o r  s u p p l y - m a y  be more apparent 
than real. 

3.1.3. Models of labor supply with heterogeneous jobs 

Not  only the quantity, but also the qualitative nature of women's labor supply 
has changed substantially in the twentieth century. As shown in Section 3.1.1, 
women workers in the United States in the 1980s typically hold white-collar 
j obs -usua l ly ,  clerical j o b s - t o  a much greater extent than was the case in the 
1890s. This shift in the occupational distribution of women workers has been 
substantial not only in absolute terms, but a l s o - a n d  of equal if not greater 
s ignificance-relat ive to men. 

~0 Note also that although a > b could be interpreted as a technological relationship-e.g, that the 
elasticity of actual output of Z with respect to f ' s  time is greater than the elasticity with respect to 
m's time- one could instead treat a > b as meaning merely that, for reasons (psychological, cultural, 
etc.) that need have nothing to do with technology as such, the family is biased towards using f 's  
rather than m's time in the production of Z. In other words, the parameters a and b can be 
interpreted in technological terms, but nothing about the model that requires that they be interpreted 
in this way. 
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This suggests that explicitly addressing the heterogeneity of work may be 
helpful for understanding secular trends in women's labor supply. It may also be 
important for analyzing cross-sectional labor supply patterns. The reason is that, 
when work is heterogeneous, observed combinations of wage rates and hours of 
work do not necessarily describe a labor supply schedule as such. Rather, such 
combinations may represent only a labor supply locus with little or no signifi- 
cance for questions about labor supply as such. In other words, a labor supply 
schedule {s supposed to show the a/nount of labor that a given individual would 
supply at different wage rates, other things being equal. In contrast, a labor 
supply locus shows only the hours of work-wage rate combinations that a given 
individual would choose in conjunction with other attributes of jobs-fringe 
benefits, working conditions and the like. [As a special but possibly widespread 
case, Moffitt (1984a), consider a setting in which the hourly wage offered to 
workers by firms depends on the number of hours worked.] 

Since these other attributes may be substitutable for wages and do not 
necessarily remain constant along the labor supply locus, there is no reason to 
expect that the labor supply locus necessarily provides much information about 
the structural parameters of the labor supply schedule (e.g. income and substitu- 
tion effects). Indeed, considered as estimates of the labor supply function, 
estimates of the labor supply locus may be badly biased. 

On the other hand, simply including job variables in labor supply functions 
may also result in problems, precisely because, like labor supply, they are choice 
variables. 

As a simple example of both kinds of difficulties, consider the regression of 
hours of work H on the wage W, exogenous income R, a vector of background 
characteristics X and a "job variable" J (which may denote either some continu- 
ous job characteristic, or a discrete indicator of job actually held): 

H =  a + b W  + cR + k X  + j J  + e, (19) 

where e is an error term. Fitting (19) by least squares will not provide a 
consistent estimate of j because J is endogenous, in that it is chosen along with 
H. Also, to the extent that differences in J are accompanied by compensating 
wag e differentials, W is also now a choice variable, so least squares estimates of 
(19}~may also yield biased estimates of b. Finally, if the individual's choice of J 
depends on elements in X (e.g. age, schooling), then in general e and those 
elements in'-X will be correlated, given J; thus least squares estimates of (19) may 
also yield biassed estimates of the coefficients k on those elements in X. In sum, 
explicit allowance for the heterogeneity of jobs [i.e. inclusion of J in labor supply 
functions such as (19)] requires revision or extension of existing estimation 
strategies. 

On the other hand, if one simply ignores J, (19) becomes 

H =  a + b W  + cR + k X  + u, (20) 
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where u, the composite error term, is given by u = e + jJ. Fitting (20) by least 
squares may result in biased estimates of all of its parameters. To see why, note 
that, in the conventional compensating differentials story, J and W are jointly 
determined; allowing for labor supply (which is usually ignored in compensating 
differentials models) simply adds H to the list of endogenous variables. If so, 
then the composite error term u = e + j J  will be correlated with HI, R and X. To 
put the point a bit differently, (19) is a labor supply function whereas (20) is a 
labor supply locus. Estimates of the parameters of (20) therefore cannot be 
regarded as (the equivalent of) estimates of the parameters of (19); for example, 
to a first approximation, estimates of the wage parameter b in (20) incorporate 
not only the ceteris paribus effect on labor supply of a wage change-the b of 
(19)-but also the effect of a change in J on labor supply, to the extent that J 
and W are correlated. 

The basic issue raised by expressions such as (19) is behavioral rather than 
statistical, however. In a world of heterogenous jobs, hours, wages and jobs (or 
job characteristics) are all endogenously chosen. Thus, even if one had consistent 
estimates of the parameters of expressions such as (19), such estimates would 
refer only to choice of hours gioen choice of job (characteristics) J; they would 
reveal nothing about how exogenous changes are associated with changes in the 
set of endogenously-chosen variables H, W and J. For example, the coefficient c 
in (19) refers to the "direct" effect of a change in exogenous income on hours of 
work with W and J held constant; but in general a change in exogenous income 
will lead to changes in J and W, and thus to "indirect" as well as direct effects 
on H. 

Despite its potential importance for labor supply analysis, surprisingly little 
has been done to allow explicitly for the heterogeneity of work in formal labor 
supply models. For the most part, studies in which job heterogeneity has been 
considered have been concerned with compensating wage differentials, i.e. with 
wages rather than labor supply per se. Such studies have typically been concerned 
with regressing wage rates on "job variables"-e.g, continuous variables measur- 
ing job characteristics, or dummy variables denoting "job he ld"-and on other 
variables, such as schooling, work experience and the like. Studies of this kind 
usually provide little or no information about preferences (which might be useful 
for understanding labor supply to heterogenous jobs); for the most part, they 
estimate the compensating wage differential required by the marginal individual 
in order to change the amount of a particular job characteristic or in order to 
change jobs per se [Smith (1979)]. Moreover, such studies usually ignore the fact 
that the "job variables" included in such regressions are endogenous. 

Ironically (in view of the neglect of labor supply in such studies), analyzing 
labor supply in a model of job heterogeneity can also provide useful information 
on the forces that generate compensating wage differentials. By using information 
on labor supply as well as wages, one can estimate the supply (e.g. utility 
function) parameters that underly compensating wage differentials while allowing 
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explicitly for the endogeneity of individuals' "job variables". Thus, studying 
labor supply in the context of a model of job heterogeneity not only improves 
understanding of labor supply as such, but also permits consistent estimation of 
compensating wage differentials and the supply parameters that underly such 
differentials. The reason for this is that data on labor supply within different jobs 
are generated by the same preference structure that generates job choice and 
compensating wage differentials. Analysis of all three outcomes-job choice, 
labor supply and wages-can therefore yield more information than analysis of 
wages alone. 

Despite the potential importance of job heterogeneity, relatively little has been 
done to incorporate it into formal labor supply models. Tinbergen (1956) 
considered the choice of (variable) amounts of job characteristics-with "desir- 
able" job characteristics assumed to reduce pecuniary income but raise utility- but 
assumed that all jobs (i.e. distinct combinations of job characteristics) require the 
same hours of work. Extending this approach to allow for variable labor supply is 
relatively straightforward, however. One approach is to consider the joint de- 
termination of labor supply (or leisure) and a set of continuous job characteris- 
tics. A second is to consider the joint determination of labor supply (or leisure) 
and the discrete choice among various distinct jobs. 

Atrostic (1982) takes the first approach, specifying utility as a function of 
consumption of a composite consumer good C, leisure time L and the vector of 
characteristics of one's job, J. Since desirable (and undesirable) J may be 
expected to generate compensating wage differentials, the wage rate W is also a 
function of the J (instead of being given exogenously, as in most labor supply 
models). This leads to a model that is formally quite similar to the kind of 
demand system familiar to analysts of consumer expenditure; in effect, the J can 
be treated as consumer goods that in principle are little different from other 
consumer goods. 

For a simple example, consider the following application of this approach to 
analysis of a single individual (extension to a family setting is straightforward). 
First, let W be a linear function of the J, implying that the budget constraint 
may be written as 

~C < R + H[wo + ~i wiJ, ], (21) 

where the term. inside.square brackets is the wage function. Next, let the 
individual's utility be giveh by 

U = U(C, L, H J 1 , . . .  , HJ, ]. (22) 

Then the resulting model effectively refers to the choice of labor supply H, leisure 
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time L = T -  H, the composite good C and a set of K additional consumption 
goods K ( = H J) ,  with utility, 

U =  U ( C ,  L ,  g I . . . . .  g k ) ,  (23) 

being maximized subject to the budget constraint 

P C  + ~_, wiK , < R + woH, (24) 
i 

in which the w~, i = 1, . . . ,  k, play the role of prices, directly analogous to P. The 
parameter  w o may be thought of as the individual's "potent ial  wage", i.e. as the 
wage received when all the J (or, equivalently, K )  are zero; the J,  as non- 
pecuniary consumption per hour of work; the K, as total nonpecuniary consump- 
tion. Thus, this specification leads quite simply and conveniently to a model that 
closely resembles those used in the estimation of systems of consumer demand 
functions [Barten (1977), Brown and Deaton (1972), Deaton and Muellbauer 
(1980)]. However, it takes explicit account of the fact that the job characteristics 
J are endogenously chosen and that exogenous changes (e.g. in the general wage 
level, in w o, in exogenous income, etc.) will affect the individual's W and J as 
well as H. 

Killingsworth (1985) takes the second of the two approaches to analyzing 
heterogenous labor supply, considering the supply of work hours to discrete jobs 
(as opposed to choice of continuous job characteristics). In this framework, 
utility itself depends on the job one holds, other things (including the wage rate, 
exogenous income, etc.) being equal, as given by the (job-dependent) indirect 
utility function 11 

b = V, . [~ ,  R I ,  (25) 

where j indexes jobs, and where the wage rate Wj received by the individual 
when in any particular job j need not be the same as the wage that would be 
received if the individual were in any other job. Labor supply when in job j is 
given by direct application of Roy's Identity to (25); analysis of the individual's 
discrete job choice may be conducted using an index function model. (For 
example, in a simple world with just two jobs, the individual's discrete job choice 
could be analyzed using the binary probit or logit model.) Again, wages and job 
choice are treated as endogenous along with hours of work. 

11See Pencavel (Chapter 1 in this Handbook) or Killingsworth (1983, pp. 15-16) for discussion. 
Since the optimal (i.e. utility-maximizing) consumption and leisure values C* and L* are functions 
of W, R and the price level P, maximum utility V - which depends on the optimal C and L - may be 
written as a function of W, R and P. [In other words, maximum utility U* = U(C*, L*) = V= 
V( W/P, R/P).] Roy's Identity asserts that labor supply H is given by the ratio of (i) the partial 
derivative of V with respect to the real wage W/P to (ii) the partial derivative of V with respect to 
real exogenous income R/P. (In the expression in the text, P is implicitly normalized to unity.) 
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Hill (1985) proceeds along similar lines, though without reference to an explicit 
utility function: she analyzes the labor force status of Japanese women using 
trinomial logit (where the three labor force categories are out of the labor force, 
working in family-owned enterprises or working in other paid employment); uses 
the logit results to derive inverse-Mills'-ratio-like variables analogous to those 
proposed by Heckman (1976b, 1979); and then includes these variables in 
regressions for labor supply and wage rates in the two employment sectors (i.e. 
family-owned and other enterprises). 

Both the continuous job characteristics and the discrete job choice models of 
the supply of labor to heterogenous work have the potential of providing useful 
insights into important dimensions of female labor supply. Unfortunately, except 
in Hill's study (1985), such models have yet to be used to explore the structure of 
the occupational dimension of women's work effort [Atrostic (1982) and 
Killingsworth (1985) are concerned with male labor supply]. This is an important 
topic for future research. 

3.2. Dynamic models 

We now consider dynamic labor supply models, ones in which agents act as if 
today's decisions do in fact have future consequences and in which accumulation 
of nonhuman a n d / o r  human wealth is treated explicitly. We first discuss models 
in which wages at each moment are assumed to be given exogenously. We then 
examine models in which wages are endogenously determined, e.g. via human 
capital accumulation. 

3.2.1. Dynamic labor supply models with exogenous wages 

Until fairly recently, almost all work on labor supply either implicitly or 
explicitly adopted an essentially static analytical framework. In contrast, Mincer's 
(1962) pioneering work is noteworthy because it not only contributed signifi- 
cantly to development of that framework, but also introduced ideas of a 
fundamentally dynamic nature. 12 

A major motivation for Mincer's work was an apparent paradox concerning 
the labor supply of women, especially married women: in cross-sections, one 
typically observes inoerse relations between women's labor force participation 
rates and male~' wage rates, and between wives' labor force participation rates 

'~Among the most important early studies of labor supply are Douglas (1934), Durand (1948), 
i,ewis (1957), Long (1958), and Schoenberg and Douglas (1937). Modern empirical work may be said 
to have begun in earnest with the studies by Cain (1966), Kosters (1966, 1969) and Mincer (1962). See 
Cain (1982) for an appreciation of Mincer's (1962) seminal paper in light of two decades of further 
research. 
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and husbands' earnings; but time-series data exhibit sustained increases in 
participation rates for women, especially married women-"one of the most 
striking phenomena in the history of the American labor force" [Mincer (1962, 
p. 64)]- despite substantial growth in real wage rates and real incomes. 

In addressing this paradox, and the labor force participation of married 
women generally, Mincer considered a variety of essentially static topics (e.g. the 
importance of the family context and of household production in labor supply 
decisions), several of which are discussed in Section 3.1. However, his analysis 
also includes several fundamentally dynamic features, including the notion of 
life-cycle decisionmaking and the distinction [first developed by Friedman (1957)] 
between permanent and transitory components of income, earnings, wages, etc. 
These ideas are encapsulated in the following three paragraphs in Mincer's 
original paper (1962, p. 68; emphasis original): 

In a broad view, the quantity of labor supplied to the market by a wife is the 
fraction of her married life during which she participates in the labor force. 
Abstracting from the temporal distribution of labor force activities over a 
woman's life, this fraction could be translated into the probability of being in 
the labor force in a given period of time for an individual, hence into a labor 
force rate for a large group of women. 

If leisure and work preferences, long-run family incomes, and earning power 
were the same for all women, the total amount of market work would, 
according to the theory, be the same for all women. Even if that were true, 
however, the timing of market activities during the working life may differ 
from one individual to another. The life cycle induces changes in demands for 
and marginal costs of home work and leisure... There are life-cycle variations 
in family incomes and assets which may affect the timing of labor force 
participation, given a limited income horizon and a less than perfect capital 
market. Cyclical and random variations in wage rates, employment opportuni- 
ties, income and employment of other family members, particularly of the 
head, are also likely to induce temporal variations in the allocation of time 
between home, market, and leisure. It is not surprising, therefore, that over 
short periods of observation, variation in labor force participation, or turnover, 
is the outstanding characteristic of labor force behavior of married women. 

To the extent that the temporal distribution of labor force participation can 
be viewed as a consequence of "transitory" variation in variables favoring 
particular timing, the distinction between "permanent" and current levels of 
the independent variables becomes imperative in order to adapt our model to 
family surveys in which the period of observation is quite short. 

Subsequent researchers have drawn two major practical conclusions from these 
general remarks. First, some investigators have treated estimated wage and 
income coefficients obtained in empirical analysis of labor force participation as 
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theoretically equivalent to wage and income coefficients estimated in analyses of 
hours of work, and so have used estimates of parameters affecting participation 
to retrieve measures of Hicks-Slutsky income and substitution effects. Second, 
some researchers have argued that, given the intertemporal considerations that 
underly labor supply decisions, it is essential to distinguish between temporary 
and permanent  changes in wage rates, exogenous income, and other key determi- 
nants of labor supply, x3 

Although such ideas possess considerable intuitive appeal, they have not 
usually been de r ived-o r  even described-rigorously. This is unfortunate, for it 
has tended to limit quite severely the usefulness of work subsequent to Mincer's 
that has relied on these notions. In what follows, we develop them formally and 
then apply them to the analysis of female labor supply. 

Perhaps the simplest way to embed Mincer's ideas in a formal model is to 
reinterpret the simple static analysis of labor supply in lifetime terms: since the 
single period of that model is of indeterminate length, there is no reason why the 
U, C, T, H, L, W and P of that model cannot be interpreted as lifetime 
variables. The only change necessary is to interpret R as the individual's initial 
real asset holdings (instead of her "exogenous income"). For simplicity, assume a 
zero market rate of interest (although even that is hardly essential, since all 
pecuniary variables such as W and P could be appropriately discounted); and 
introduce an unobserved "taste" or "household production" variable e that 
affects (lifetime) utility U and is independent of other variables, such that 

U = U ( C ,  L ,  e ) .  (26) 

Note that this implicitly assumes that leisure times at different dates are perfect 
substitutes for each other (and similarly for consumption of goods at different 
dates). 

The (lifetime) budget constraint subject to which utility is maximized is 

P C  < W H  + R ,  (27) 

exactly as in the single-period static model. However, (27) does not require an 
assumption that the wage be constant over the worker's lifetime: the W in (27) is 
the "!ifetime '' wage, i.e. a kind of life-cycle average of (appropriately-discounted) 
single-period wage rates that may differ across periods. 

To fix ideas, assume that the life cycle consists of T periods, and sort 
single-period real wage~rates in descending order, so that w(1) denotes the highest 

13 For examples of empirical studies that use analyses of participation to obtain measures of income 
and substitution effects, see Ashenfelter and Heckman (1974), Cain (1966) and Kosters (1966, 1969). 
For examples of empirical studies that pursue the distinction between permanent and transitory 
changes in wages and other labor supply determinants, see Kalachek and Raines (1970), Kalachek, 
Mellow and Raines (1978), Lillard (1978) and Watts, Poirier and Mallar (1977). 
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real wage and w(T) the lowest. Then, as in the static model, a market wage- 
reservation wage comparison determines whether the individual will work some- 
time during her life. Specifically, the individual will work at least one period if 
w(1) exceeds her (lifetime) reservation or "shadow" wage-i .e ,  the marginal rate 
of substitution evaluated at zero (lifetime) hours of work, UL(R,T,e) /  
Uc(R,T ,e)= S(R,T,e):  

Ut.(R, T, e ) /Uc(R,  T, e) = S(R,  T, e) < w* ~ H > O. (28) 

The total number of periods the individual works can be expressed in terms of a 
similar comparison: the individual will work exactly k periods if, when the 
discounted real wage rates w are sorted in descending order, 

w(k ) > S( R, T,e) >__ w(k +1) (29) 

where, by virtue of the sort, w(k)> w(k +1), and where at least one of the 
inequalities in (29) is strict. 14 By (29), the total number of periods worked, k, is a 
function of e, real initial wealth R and the "marginal wage" w(k), i.e. 

k = k [ w ( k ) , R , T , e ] .  (30) 

Once k and w(k) are defined as "labor supply" and " the  wage rate", respec- 
tively, this looks just like a conventional static labor supply function. 

Finally, the proportion of all periods in the individual's lifetime that are 
devoted to work, h, is simply h = k / T .  Since k is a function of w(k), R and e 
by (30), h is also; thus, h may be expressed as 

h = h [ w ( k ) , R , e ] ,  (31) 

where the h ( . )  function of (31) is proportional to the k( . )  function of (30), with 
T being the factor of proportionality. 

A practical difficulty with this model is that its estimation-e.g,  fitting (30) or 
(31) -  would seem to require data on labor supply over the entire life cycle (e.g. 
either k or h), which is surely an imposing hurdle for the empirical analyst. 
However, Mincer's discussion, quoted above, provides an ingenious way around 
this difficulty: abstracting from "transitory" factors (children, transitory varia- 
tion in income or wages, etc.), the timing of work over the life cycle may be 

14 Note that (29) closely resembles expressions obtained in purely static models of labor supply 
under progressive taxation [see, for example, Heckman and MaCurdy (1984), Killingsworth (1983), 
Hausman (1983)]. In the latter setting, the single-period budget constraint consists of numerous 
segments, each corresponding to a different marginal rate of tax, with w(k) referring to the value of 
the real wage after taxes on the kth budget line segment [where w(k)> w(k +1) provided the 
marginal tax rate rises with income]. 
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assumed to be random. If so, and if all individuals work at some point in their 
lives, then, as Heckman (1978) notes, one may estimate the parameters of (31) by 
simply replacing h, which refers to lifetime participation and is unobservable (or 
quite difficult to observe), with Z, i.e. a measure of participation as of a given 
date. In general, Z is easily measured: in aggregate time-series or cross-section 
data, Z would be a labor force participation rate; in microdata, Z would be a 
binary indicator variable denoting labor force participation or nonparticipation. 
In either case, then, in the absence of transitory factors, estimates of 

Z= Z[w( k ), R] +error term (32) 

serve as estimates of (31) and can be used to retrieve conventional income and 
substitution effects on labor supply. That is, given estimates of the parameters of 
(32), one can calculate the uncompensated effect of permanent wage change on 
labor supply as dZ[w(k), R]/d[w(k)], and the income (more precisely, initial 
wealth) effect as (dZ[w(k), R]/dR )Z. 

However, several serious difficulties stand in the way of this approach. Some of 
the difficulties are practical ones. For example, estimation of (32) requires a 
measure of the "marginal wage" w(k) rather than of the wage prevailing as of 
the date referenced by the Z variable; and as (29) implies, to determine which 
period's wage is in fact the marginal wage, one will need information on at least 
part of the entire stream of wages over the life cycle. In other words, although 
one does not need data on lifetime labor supply to estimate (32), one does have 
to be able to determine which particular wage r a t e - o f  all the wages the 
individual will earn during her l ifetime-happens to be the marginal wage rate [in 
the sense of (29)]. 

In addition to this practical problem, estimation of (32) must confront an 
analytical issue: using estimates of (32) to obtain measures of substitution and 
income effects is appropriate only when all individuals' lifetime labor supply H 
(or h) is positive, i.e. only when all individuals have an interior solution to their 
lifetime labor supply optimization problem. Although there is considerable 
controversy about the size of the female population that never works, there is at 
least some reason for thinking that some women do not, in fact, ever work 
[Ben-porath (1973), Boothby (1984), Corcoran (1979), Heckman (1978), 
Heckman and Willis (1977, 1979), Mincer and Ofek (1979), Stewart and 
Greenhalgh (1984)]. If so, then analyses of labor force participation at a given 
date using expressions such as (32) will not provide useful evidence on income 
and substitution effects [Heckman (1978)]. 

To see why, note first that (32) is concerned with the probability that a given 
individual will work at some date t, given a vector of her characteristics X (which 
would include the sequence of wage rates, the value of R, etc.), which we will 
write as P r ( H ( t )  > 0IX }. Now, this probability may be expressed as the product 
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of (i) the probability that this individual will ever work at any date in the life 
cycle, given her X, which we write as Pr(h > 0IX}; and (ii) the probability that 
this individual will work at t given her X and given that she works at some point 
in the life cycle, which we write as Pr(H(t )  > 0IX, h > 0}. Thus, 

P r { H ( t )  : ;0 IX } = Pr{h > 0[X}Pr { H ( t )  > 01X, h > 0}. (33) 

If the timing of participation over the life cycle is indeed "random" (or "random, 
leaving aside transitory factors"), then 

P r { H ( t )  > 0lX, h > 0} = E{hlX, h > 0}, (34) 

where E{ x [Y } is the conditional expectation of x given y. (34) says that, under 
the randomness assumption, the probability that someone will work in any 
particular period t given that she works at some time during the life cycle (and 
given her X) is simply the proportion of the entire life cycle that she works. By 
(34), (33) becomes 

P r ( H ( t )  > OIX } = Pr( h > OIX)E( hlX, h > 0}. (35) 

If everyone does work at some point in the life cycle, then Pr(h > 0IX ) =1 and 
E(hlX, h > 0} = E{hlX}, so (35) becomes 

P r { H ( t )  > OIX} = E{hIX}. (36) 

In this case, then, estimates of (32)- which is equivalent to the left-hand side of 
(36)-  will indeed provide measures of theoretical substitution and income effects 
[which underly the right-hand side of (36)]. However, note also that if some 
individuals never work, labor force behavior at any date t is described by (33), 
not (36); and that in general the partial derivatives of the right-hand side of (33) 
with respect to W/P and R / P  will not provide useful information about 
substitution and income effects because they will not be equivalent to the partial 
derivatives of the right-hand side of (36) with respect to the same variables. 

It is worth noting at this point that-contrary to what has sometimes been 
asserted or conjectured- lifetime labor supply in this model, as given by expres- 
sions such as (31), cannot usually be written as a function of a "permanent 
wage" (or, alternatively, as a function of both "permanent" and "transitory" 
wages). Moreover, this model does not readily yield an expression for hours 
worked in any given period t, H(t). To proceed further, it is helpful to use the 
formal model of life cycle behavior with exogenous wages summarized by 
Pencavel in Chapter 1 of this Handbook (note that we discuss endogenous wages 
in Section 3.2.2 below). That model explicitly considers D + 1 distinct periods 
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(e.g. " y e a r s " )  dur ing  the life cycle, with D assumed known and fixed, and  
specifies l i fe t ime uti l i ty U as an add i t ive ly -separab le  ut i l i ty  funct ion 

D 

U =  E ( l + s ) - ' u [ C ( t ) , L ( t ) ] ,  (37) 
t = 0  

where  C ( t )  and  L ( t )  are the ind iv idua l ' s  consumpt ion  of a compos i te  good and  
leisure,  respect ively,  in per iod  t; s is the ind iv idua l ' s  subject ive rate  of  t ime 
pre fe rence ;  a n d  u[ . ]  is the strictly concave s ingle-per iod ut i l i ty  funct ion.  [Note  
tha t  this  is more  general  than  (26) in that  leisure t imes (or consumer  goods)  at 
d i f ferent  da t e s  are not  assumed to be  perfect  substi tutes.]  Li fe t ime ut i l i ty  is 
m a x i m i z e d  subjec t  to a l i fet ime budge t  constra int .  

D 

A(0)+ E 0+r) t[w(t)H(t)-e(t)C(t)]  >_0, (38) 
t = O  

where  A(0)  is the individual ' s  ini t ial  asset holdings;  r is the marke t  rate  of 
in teres t ;  a n d  P( t ) ,  W ( t )  and H ( t )  are  the pr ice  level, wage ra te  and  hours  of  
work ,  respect ively ,  dur ing pe r iod  t. 15 N o w  form the Lagrang ian  

D 
L =  ~ ( l + s )  ' u [ C ( t ) , L ( t ) ]  

t = 0  

( ° 1 + v  A ( 0 ) +  E ( l + r ) - ' [ W ( t ) H ( t ) - P ( t ) C ( t ) ]  . (39) 
t=0  

where  v is a Lagrange mult ipl ier ,  and  ob ta in  the f i rs t -order  condi t ions  for a 

15We ignore bequests, and so the utility function (32) assumes that the only activities that affect 
utility are consumption and leisure. However, it is straightforward to allow for bequests by, for 
example, adding a bequest function B [ A ( D)] to the fight-hand side of (38), where A (D) is the assets 
the individual has not spent as of the time of death, t = D. Note that (38) is separable in time, so that 
consumption or leisure at any date t does not affect the marginal utility of consumption or leisure at 
any other date t( .  This assumption of intertemporal separability is fairly innocuous in many 
applications, but ~Cdoes ent~L.several rather specific behavioral assumptions. The main assumption 
implicit in intertemporal separability as specified in (38) is that, if leisure times at all dates are normal 
goods, then leisure times at different dates must be net substitutes (in the income-compensated or 
lifetime-utility-constant sense). See Brown and Deaton (1972, pp. 1165-1167) and Deaton (1974). 
Note also that the budget constraint (39), like the utility function (38), ignores bequests. In this case, 
(39) holds as an equality [see, for example, (42c)]. In the presence of bequests, (39) will usually hold as 
an inequality, with assets at the end of life A(D) constituting the individual's bequest. 
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constrained maximum: 

151 

( 1+  s)-'Uc(t ) -  v ( l +  r)- 'P(t)  = O, 

( l+s ) - t uL ( t ) - v ( l+r ) - tW( t )>O,  with > ~H(t )=O,  
D 

A ( 0 ) +  ~[] (1+  r) - t [w( t )H(t )  - P ( t ) C ( t ) ]  = O, 
t = 0  

where u~(t) is the partial derivative of the period-t utility function u with respect 
to i ( =  C(t) or L(t)). Note that the second of these equations allows for the 
possibility that the individual may not work in period t, i.e. for a corner solution 
during at least part of the life cycle. Note also that v (which may be interpreted 
as the marginal utility of initial assets at the individual's optimum) is endogenous 
to the individual just like the C(t) and L( t ) ;  and that the value of v is 
determined along with the D + 1 values of the C(t) and the D + 1 values of the 
L(t) by solving the 2 ( D + 1 ) + 1  equations above in terms of the exogenous 
givens of the model: the set of wage rates W(t) and prices P(t) and the level of 
initial assets, A(0). Thus, when A(0) or the W(t) or P(t) change, v as well as the 
L ( t )  and C( t )  will change. 

Next, to simplify notation, define 

v(t) = [(1 + r ) / ( 1  + s)] - ' v ,  (40) 

where o(t) may be defined as the marginal utility of assets at period t, so as to 
rewrite the above first order conditions more compactly: 

uc(t ) - v(t)P(t)  = 0, (41a) 

uL(t ) -  v(t)W(t) > O, with > ~ H(t) = 0, (41b) 

D 

A ( 0 ) +  • ( i + r )  ' [W(t )H(t ) -P( t )C( t )]  = 0 .  (41c) 
t = 0  

Thus far, our discussion has been concerned with equilibrium dynamics, i.e. 
with the characteristics of a given individual's lifetime equilibrium plan for her 
sequence of labor supply, leisure time and consumption values H(t), L(t) and 
C(t) for t = 0,1 . . . . .  D, and for her shadow value of (initial) assets v. [Note also 
that (41) immediately yields v(t) for t = 1,2 . . . . .  D once v has been determined.] 
This equilibrium plan is formulated for a given set of wage rates and price levels 
W(t) and P(t), t = 0,1 . . . . .  D, and for a given initial asset level A(0). To see how 
the equilibrium plans of different individuals will differ as a result of their facing 
a different A(0) or a different set of W(t), it is necessary to consider the 
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comparative dynamics of the model, i.e. to analyze the way in which changes in 
exogenous variables such as the W(t) lead to differences in choices [e.g. dif- 
ferences in v, L(t) and H(t)]. 

In working out the model's comparative dynamics, we assume for the time 
being that equilibrium entails a lifetime interior solution, with positive hours of 
work H(t) for all t. (We relax this assumption later, however.) Then one may 
write (41b) as an equality and solve the system (41a)-(41b) for C(t) and L(t) in 
terms of v(t)P(t) and v(t)W(t): 

C(t) = C[v(t)P(t) ,  v(t)W(t)l ,  

L( t)  = L[v(t)W([),  o(t)P(t)]. 

(42a) 

(42b) 

These are often called "marginal utility of wealth-constant" or "Frisch" demand 
functions for C and L [Browning, Deaton and Irish (1985)]. 

Next, write (41b) as an equality and totally differentiate (41a)-(41b) to obtain: 

dC( t )  = 

d L ( t )  = 

d[v(t)P(t)] [ULL(t)/d(t)] -d[v(t)W(t)]  [UcL(t)/d(t)] 

dP( t){[ULL ( t)o( t)]/d(t) ) - d W (  t)( [UcL( t)v( t)]/d ( t) } 

+ d r ( t ) {  [ULL(t)P(t ) -- ucL(t)W(t)]/d(t)) ,  (43a) 

d[v(t)W(t)] [Ucc(t)/d(t)] -d[v( t )P(t )]  [ucL(t)/d(t)] 

dW( t )([Ucc ( t)v( t)]/d( t) } - d P ( t ) ( [ U c L ( t ) v ( t ) ] / d ( t  )) 

+dv(t)([Ucc(t)W(t ) - ucL(t)P(t)]/d(t)} , (43b) 

where uij(t), i, j =  C(t) ,L(t) ,  is a second partial derivative of the period-t 
utility function u with respect to i and j; and d(t) = Ucc(t)ULL(t ) -  UCL(t) 2 > 0 
by concavity of u. The terms in braces that are multiplied times dr( t )  in eqs. (43) 
are negative provided C(t) and L(t), respectively, are normal goods in the static 
one-period sense; 16 the terms in (43a) and (43b) that are multiplied times dP( t )  
and dW(t), respectively, are both negative by concavity of u. 

Equations (43) show how differences in o(t), W(t) and P(t) at any given date 
t lead to differences in consumption and leisure at that date. They can also be 
used to show how a difference in W(t) with o(t') and P(t') constant will affect 
a(t') = W(t')H(t ')-P(t ')C(t ') ,  the net increment to wealth made at any time 

16By "normal  in the static sense", we mean that if the individual were forced to maximize 
single-period utility u (instead of lifetime utility U) subject to the conventional single-period budget 
constraint P ( t ) C ( t )  = W ( t ) H ( t ) +  R( t ) ,  where R( t )  and W ( t )  are exogenous income and the wage 
rate, then the income effects on C(t )  and L ( t )  of a change in R ( t )  would be proportional to 
- [UcULL -- ULUcL ] and --[ULUcc -- UcUcL], respectively. For example, see Cohen, Rea and Lerman 
(1970, esp. pp. 184-186). 



Ch. 2: Female Labor Supply 

t ': by (43) [with dv( t ' )  = d P ( t ' ) =  0], 
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da( t ) /dW( t )  = d[W( t )H( t ) -  P( t )C(t )] /dW(t)  

= H ( t ) -  W(t)[dL(t)/dW(t)] - P(t)[dC(t)/dW(t)] 

=H(t)+YLv(t  ), (44a) 

da( t ' ) /dW(t )  = 0 ,  t '4: t, (44b) 

where YLv(t)= ([Uc(t)ULc(t)- UL(t)Ucc(t)]/d(t)) and is positive provided 
leisure at t is normal in the static sense. Thus, with v(t) and P(t) constant, an 
increase in W(t) will increase period t 's  addition to net worth provided L(t) is 
normal; but so long as v(s) and P(s) are constant, an increase in W(t) will not 
affect additions made at any other date s = t. 

However, as noted above, a change in W(t) will change not only L(t) and C(t) 
but also v [and thus, by (40), v(t)]: o and v(t) are choice variables, just like L(t) 
and C(t). For example, it is intuitively plausible that, ceteris paribus, someone 
who enjoys a higher wage at any date t will feel better off and thus will have a 
lower v [and so, by (40), a lower v(t) for all t ] - t h a t  is, will regard assets as less 
"precious" or "scarce", and will begin to spend assets more freely. Indeed, as 
(44a) indicates, unless such a high-W(t) individual changes her v [relative to the 
v chosen by a low-W(t) individual], she will accumulate "excess assets", thereby 
violating the budget constraint (41c). Since there are no bequests (by assumption: 
see footnote 15) and since "you  can't take it with you", that cannot be optimal. 
The appropriate response to higher W(t) is to reduce v [and thus, by (40), to 
reduce v(t) for all t]. To see why, consider the effect on a(t) of increasing v(t), 
ceteris paribus, as given by eqs. (43): 

da( t ) /dv ( t )  = - W(t)[dL(t) /dv(t)]  - P(t)[dC(t)/dv(t)]  

= { -  W(t)2Ucc(t) - P(t)ZUcL(t) 

+ 2W(t)P(t)uct .( t )}/d(t) ,  (45) 

which is positive by concavity of u. Thus, reducing v -which will reduce v(t), by 
(40)-will  reduce a(t), thereby offsetting the increase in a(t) associated with the 
ceteris paribus effects of the increase in W(t) as given by (44). Hence, other 
things being equal, a greater W(t) does indeed entail a lower v: 

dv/dW(t)  < 0. (46a) 

Moreover, by (40) and (46a), a higher W(t) also entails a lower v(t') at all dates 
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dv( t ' ) /dW(t )  = [dv(t')/dv] [dv/dW(t)] 

= [(1+ r ) / ( l +  s ) ] - r [ d v / d W ( t ) ]  < O. (46b) 

Finally, (43b) and (46b) imply that the lower o(t') at all dates t ' caused by the 
greater W(t) will increase leisure L(t ' )  at all t', provided L(t ' )  is normal in the 
static sense: 

d L ( t ' ) / d W ( t )  = [dL( t ' ) / dv ( t ' ) ]  [do( t ' ) /d l¥( t ) ]  

= ([W(t ' )Ucc( t ' )  - P ( t ' ) ucL ( t ' ) ] / d ( t ' ) }  

× [dv ( t ' ) /dW( t ) ] ,  (47) 

which is positive provided L(t ' )  is normal. 
In sum, a greater value of W(t) leads "directly," with v constant, to lower L(t)  

and greater H(t); that may be called the v-constant or Frisch effect of the greater 
W(t), and is given by the first term after the second equals sign in (43b). 
However, if all leisure times and consumer goods are normal, then the greater 
W(t) also leads to a smaller v, which leads "indirectly", with v changing, to 
greater L( t )  and smaller H(t); that may be called the o-variable effect of the 
greater W(t), and is given (for t ' =  t) by (47). 

Thus, variation in the wage at any given date may have consequences not only 
at that date but also at other dates. Since Mincer (1962), many writers have 
focused on the labor supply effects of specific kinds of wage changes-"perma- 
nent" and "transitory". Their discussions raise both practical and conceptual 
issues that have rarely been tackled rigorously. Two seem particularly important. 
First, how should permanent and transitory wages (or wage changes) actually be 
defined? To our knowledge, this question has rarely been addressed formally. 
However, informal discussions seem ultimately to adopt essentially the same 
definition: the permanent wage Wp is defined as the present value of the stream 
of the individual's future wage rates W(t) from period t = 0 to period t = D, the 
age of death, so that 

D 

Wp = E: (1 + r ) - tW( t ) .  (48a) 
t = 0 I',. . . . . .  

Thus the transitory wage at t is the difference between the actual wage W(t) and 
the permanent wage We: 

w( t ) = W( t ) -  Wp. (48b) 
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This raises a second, practical, issue: since researchers rarely if ever have access 
to data on the entire set of future wage rates of any individual, how should (how 
can) the permanent  wage actually be measured? As far as we can tell, each 
researcher who has considered this question has answered it differently; by and 
large, empirical measures of the permanent wage are constructed using essentially 
ad hoc procedures and depend to a considerable extent on the nature of the data 
that are available. 

The final issue about permanent  and transitory wages that has been discussed 
in the l i t e ra tu re -  again, not very r igorously-  concerns whether transitory as well 
as permanent  wage variation affects labor supply (e.g. hours of work, participa- 
tion). In one view, which we will call "PO"  for short, hours of work and labor 
force part icipation in any period t depend on the permanent wage only, ap- 
parently by analogy with Friedman's (1957) permanent income theory of con- 
sumption (according to which consumption depends on permanent,  but not 
transitory, income). Thus, according to the PO hypothesis, one need not include 
the transitory wage w(t) on the right hand side of expressions such as (32); 
alternatively, if w(t) is included in such an expression, its coefficient will not be 
statistically different from zero. 

The PO hypothesis has a rival, however, according to which one should include 
not only the permanent  wage but also the transitory wage in estimating equations 
such as (32). In this alternative view, which we will call " P T "  for short, changes 
in the permanent  wage entail changes in both lifetime earning power and the 
opportuni ty  cost of time, and therefore entail both substitution and income 
effects; whereas a transitory wage change at some date t does affect the opportun- 
ity cost of time at that date, and therefore generates a substitution effect, even 
though it does not entail any change in long-run earning power (and therefore 
does not generate an income effect). Thus, according to the PT hypothesis, one 
should include w(t) as well as Wp in estimating expressions such as (32); 
moreover, the hypothesis implies that the coefficient on w(t) will be positive and 
algebraically larger than the coefficient on Wp, since the latter represents the sum 
of a positive substitution effect and a negative income effect whereas the former 
represents a positive substitution effect only. iv 

Fortunately,  it is straightforward to evaluate the rival hypotheses about perma- 
nent and transitory wages offered by PO and PT. Imagine two women, A and B, 
with the same permanent  wage [as defined by (48a)] and identical in all other 
respects save one: their wage rates at two different dates, t* and t ' ,  are different, 
so that their transitory wages at these two dates [w(t*) and w(t'), respectively] 

17For studies that adopt PO, see Kalachek and Raines (1970) and Watts, Poirier and Mallar (1977). 
For studies that adopt PT, see Kalachek, Mellow and Raines (1978, p. 357) and Lillard (1978, p. 369); 
note that Mincer (1962, p. 68) contends that "' transitory' variation in variables [will favor] particular 
timing" of labor force participation, and thus implicitly adopts PT. For further discussion, see 
Killingsworth (1983, esp. pp. 286-296), who refers to PO and PT as "PT-I" and "PT-2," respectively. 
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are also different. Will these transitory wage differences lead to labor supply 
differences? If so, how will these two kinds of differences be related? 

Let dW( t* )  and dW(t ' )  denote the difference between A's and B's wage rates 
at t* and at t', respectively. By (48) and the fact that A and B have the same 
permanent  wage, 

(1 + r) - t*dW(t*)  + (1 + r ) - r  dW(t ' )  = O. (49a) 

For  ease of reference, assume that dW(t*)  > 0, i.e. A's wage is greater than B's at 
t*. Then, by the above, 

d W ( t ' ) = - ( l + r )  (t*-t ')dW(t*)<O. (49b) 

Without loss of generality, let B's wage at both t '  and t* be equal to the 
permanent  wage, W e . By (48) and the assumption that the two women have the 
same permanent  wage, this simply means that A has a positive transitory wage at 
t* and a negative transitory wage at t'. Recall also that, by assumption, A and B 
are otherwise identical (e.g. both receive the same wage at all dates other than t '  
and t*, have the same initial assets A(0), etc.). 

By (41c), (44) and (49), the o-constant effect of A's transitory wages at t* and 
t '  on the present value of her asset accumulation is 

d z = ( l + r )  

+(1+ 

= ( l + r )  

'* [ da(t* ) / dW( t* ) l dW( t* ) 

r )-t" [da( t ' ) /dW(  t ' ) ldW( t') 

- ' * d W ( t * )  ( U ( t * ) +  YLv( t*) -  H ( t ' ) -  YLv(t')}. (50) 

That  is, if A had the same value of o as B, the fact that her wage stream differs 
from B's - even though only in transitory respects - would mean that her life cycle 
asset accumulation would not be the same as B's [except for the special case in 
which the expression after either equals sign in (50) is zero]. In other words, even 
though they have the same permanent wage and initial assets, A will not be able 
to satisfy (41c) at the same value of o used by B. In general, then, A's value of o 
will differ from B's. By (45), A's value of o will be higher or lower than B's 
depending on whether the expression after either equals sign in (50) is negative or 
positive. If leigure is a .normal good in the static sense, then, by (43b), the 
difference in v values will entail a negative or positive v-variable effect on on A's 
leisure time (relative to B's) at all dates t, including not only t* and t '  but all 
other dates as well. Moreover, by (43b), A's positive (negative) transitory wage at 
t* ( t ' )  will have a negative (positive) o-constant effect on A's leisure time, 
relative to B's, at t* (t ') .  
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In general, then, even transitory wage differences will lead to differences in 
leisure and labor supply-contrary to PO. Likewise, although A's positive transi- 
tory wage dW(t*)  has a positive v-constant effect on her labor supply (relative to 
B's) at t*, it will also have either a positive or a negative v-variable effect on her 
labor supply (relative to B's) at t*, depending on the sign of the right-hand side 
of (50). Thus, on balance, labor supply and transitory wages at any given date 
such as t* need not be positively correlated, even if other things (the permanent 
wage, initial asset level, etc.) remain ~he same-contrary to PT. 

Thus far our discussion has assumed a lifetime interior solution for labor 
supply. However, the analysis carries over to the case of corner solutions without 
essential modification. The main caveat relevant to this case is the obvious one 
that changes in wages cannot have v-constant or v-variable effects on labor 
supply during any period t "  in which hours of work are zero. 

For example, consider again our two workers, A and B, and this time suppose 
that (i) B works during t '  but not during t*; (ii) A and B have the same 
"permanent  wage" as defined by (37), and (iii) A has a negative (positive) 
transitory wage at t '  (t*), as given by (49b). Thus, B has L( t ' )  < T, L( t*)  = T 
and, by (41a)-(41b), also has 

uz[C(t'), L(t')]/uc[C(t'), L ( t ' ) ]  = W(t')/P(t'), 

uL[C(t*), T]/uc[C(t*), T] >_ W(t*)/e(t*). 

(51a) 

(51b) 

Now consider A's behavior. If her positive transitory deviation dW(t*) is 
sufficiently large, the inequality (51b) will not hold for her: that is, her wage at t* 
may exceed her reservation wage [given by the left-hand side of (51b)], and she 
will work. In this case, A will be a labor force participant whereas B is not, even 
though both women have the same permanent wa g e - a  contradiction of PO. 

What if A's wage is not large enough to reverse the inequality (51b), so that A, 
like B, will not work at t*? At time t', A has a negative transitory wage. 
However, contrary to PT, there is no reason why A must necessarily work fewer 
hours than B, or be more likely not to be a labor force participant. 

To see why, note that if A's L( t*)  is equal to T despite her transitory increase 
dW(t*),  then this dW(t*) has no effect on v(t*) or v(t'). By (43a) and the 
assumption that UcL = 0, Ars C(t') depends only on v(t'). By (43b), A's negative 
transitory wage dW(t ' )  raises her leisure at t '  via the usual v-constant effect. 
However, the increase in L( t ' )  also reduces the asset accumulation A makes at 
t', a(t ') ,  and this reduces L( t ' )  via the usual v-variable effect. In other words, the 
version of (50) relevant to A in this case is 

dz = (1 + r)  " d W ( t ' ) ( H ( t ' )  + YLv( t ' ) ) .  (52) 
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Since dW(t')  < 0, dz is negative provided leisure at t* is normal in the static 
sense. By (45), A will therefore have a higher v [i.e. will now act as if assets had a 
greater (shadow) value, so as to avoid having a negative net worth at or before 
death]. Hence, by (43b), the increase in v(t ') also has a negative v-variable effect 
on A's leisure at t '  that may offset the positive v-constant or "direct" effect on 
L(t ' )  resulting from the d W ( t ' ) <  0. Thus, here, as in other cases, it is not 
possible to gauge the net effect on A's leisure of a wage change. In particular, the 
negative transitory wage could lead either to less or more leisure. 

Likewise, the negative transitory wage could lead either to a smaller or a 
greater probability of being a labor force participant. By (43a), the increase in 
v(t') will have a negative v-variable effect on C(t'). Other things being equal, this 
raises the marginal utility of consumption and so reduces the reservation wage 
U L [ C ( t ' ) ,  T]/uc[C(t ') ,  T] by an amount given by 

( - Ucc[C(t ') ,  T](uL[C(t ' ) ,  T ] / u c [ C ( t ' ) ,  T]) + uLc[C(t' ), T ] )  

× ( 1 / u  c [C( t ' ) ,  T]] ( d C ( t ' ) / d v ( t ' ) ) ,  (53) 

where the first term in braces is positive provided leisure is a normal good in the 
static sense, the second term in braces is always positive and the third term is 
negative by (44a). Hence, the reservation wage falls as the offered wage falls; 
there is no particular reason to suppose that the decrease in W(t') must be 
associated with a greater likelihood of nonparticipation. 

In sum, the analysis of this section leads to a number of conclusions about 
dynamic labor supply analysis. Some are negative: for example, the analysis 
shows why the distinction between permanent and transitory wages embodied in 
eqs. (48) is not particularly useful from a theoretical standpoint. Other con- 
clusions are more constructive, however. First, as a number of writers [e.g. 
Browning, Deaton, and Irish (1985), Heckman and MaCurdy (1980) Pencavel, 
Chapter 1 in this Handbook] have observed, the Frisch demand functions (42) 
provide a useful alternative to the kind of permanent-transitory approach 
embodied in eqs. (48). Indeed, in the Frisch framework, the marginal utility of 
assets (our v) constitutes a kind of "permanent wage"; and variations in the 
observed wage IV(t), with v constant, constitute a kind of "transitory" wage 
variation [since, with v constant, differences in W(t) are always negatively 
correlated with differences in L(t), by (41b)]. 

Although t h e e  concepts are relevant to dynamic labor supply in general, two 
implications of the Frisch ' framework seem especially useful for understanding 
female labor supply. The first concerns an important difference between the 
conventional static model and the dynamic exogenous-wage model. In the 
former, the reservation wage is independent of the real market wage rate IV/P. In 
contrast, in the latter, the reservation wage in any given period is in general a 
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function of all wage rates. To see why, note from eqs. (41) that, in the dynamic 
case, the reservation wage is given by 

uL [C(t) ,  T ] / u c [ C ( t ) ,  T] = uL [C(t),  T ] / v ( t ) P ( t ) .  (54) 

Moreover, as indicated above, v(t) is in general a function of all wage rates 
[recall, for example, eqs. (46)]. This has somewhat unsettling implications about 
the merits of simple intuition derived from static labor supply models. For 
example, in such models, a higher current wage must always entail a greater 
probability of participation: a greater current wage does not affect the shadow or 
reservation wage but does affect the market opportunities against which home 
uses of time are compared. In contrast, in dynamic models, a higher current wage 
need not entail a greater participation probability: especially if wages are 
positively serially correlated, a higher current wage implies a generally higher 
wage profile (i.e. greater wages during all periods), and hence a lower o -which, 
other things being equal, tends to reduce (the probability of) participation. As 
Heckman (1978, p. 205) notes, this is relevant to findings by Olsen (1977) and 
Smith (1977a), according to which, among certain demographic groups, lower 
wage women are more likely to participate in the labor force: "I t  is significant 
that the 'perverse' association between wage rates and participation status is 
found in demographic groups with the greatest volume of lifetime labor 
supply-such as married black women. It is in such groups that income effects 
[from a higher wage profile] are likely to be the largest." 

We conclude this discussion of dynamic exogenous-wage labor supply models 
by returning briefly to Mincer's (1962) pioneering work. Although it stimulated 
many subsequent attempts to develop a workable distinction between permanent 
and transitory wages, it is ironic that Mincer's paper itself was concerned with 
dividing not wages but rather the income of other family members into permanent 
and transitory components. In effect, Mincer was interested in a situation in 
which the individual receives an exogenous amount (possibly zero) of income in 
each period t, Z(t), from sources other than work or assets. Can this Z(t) be 
divided into permanent and transitory components, as Mincer contended? If so, 
how? 

To introduce such income, it is necessary 18 to modify the budget constraint, 
(38) or (41c), which now must be written 

D 
A(0)+ • ( l + r ) - t [ Z ( t ) + W ( t ) H ( t ) - P ( t ) C ( t ) ]  =0.  (55) 

t = O  

XSlf Z(t)  is to be interpreted as the income of other family members, as Mincer (1962) interprets it, 
it is necessary to assume that there are no intrafamily cross-substitution effects of the kind discussed 
in Section 3.1. [In that case, earnings of other family members are analytically equivalent to 
exogenous income, because they entail income effects only, without (cross-) substitution effects.] 
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Since the Z( t )  are assumed exogenous, it is clear that their introduction does not 
entail any substantive change in the foregoing analysis. On the one hand, because 
the analysis implicitly assumes perfect foresight, the present value of the Z(t) can 
be combined with initial assets A(0) to rewrite the budget constraint still further: 

D 

A(0 ) '+  E ( l + r ) - ' [ W ( t ) H ( t ) - P ( t ) C ( t ) ]  =0 ,  (56) 
t = 0  

where 

D 

A ( 0 ) ' =  A(0)+  Y', (1+ r ) - t z ( t ) .  (57) 
t = 0  

Clearly, none of the analysis of this section is thereby changed; all that is 
necessary is to note that A(0)', not A(0), is now the relevant "initial assets" 
variable. However, one can instead proceed as Mincer implicitly did, defining a 
permanent (exogenous) income variable Zp as the amount of an annuity Zp that, 
when received each period from t = 0 to t = D, would have a present value equal 
to the present value of the Z(t). That is, permanent income satisfies the relation 

D D 

Y'~ ( l + r )  tzv= Y'~ ( l + r )  'Z(t) ,  
t ~ 0  t = 0  

so that permanent and transitory income are given by 

o j o  
Zv= E ( l + r ) - t Z ( t )  Y'~ ( l + r ) - '  

t = 0  / t = 0  

z(t)  = Z ( t ) - Z 1 ,  , 

(58a) 

(58b) 

respectively. So (41c) [or (55), or its equivalent] may also be written as 

D 

A(0) + Y'~ (1 + r)-t[Zp "Jr W(t )H(t )  - P(t)C(t)] = 0. (59) 
t = 0  

Thus, Mincer's al~proach~does not suffer from the difficulties inherent in attempts 
to divide wages into permanent and transitory components. As (55) and (59) 
indicate, one can write the budget constraint in terms of either actual exogenous 
income Z(t) or "permanent" exogenous income Z v. Moreover, (55), (58) and 
(59) show that behavior depends on permanent exogenous income only and not 
on "transitory" income z(t), as Mincer (1962) in effect argued. 
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All this notwithstanding, many writers came to think of Mincer's 
permanent-transitory distinction as referring to wage rates as well as (or even 
instead of) exogenous income. Ironically, in the flurry of subsequent work aimed 
at measuring and estimating the effects of permanent and transitory wage rates, a 
different but closely related notion of Mincer's concerning the role of credit 
market constraints in labor supply decisions, was completely overlooked. As 
Mincer (1962, pp. 74-75) put it: 

According to [the permanent income] theory, aggregate family consumption 
is determined even in short periods by long-run levels of family income. 
Adjustment between planned consumption and income received in the short 
period of observation (current, or measured income) takes place via saving 
behavior, that is, via changes in assets in debts. However, if assets are low or 
not liquid, and access to the capital market costly or nonexistent, it might be 
preferable to make the adjustment to a drop on the family income on the 
money income side rather than on the money expenditure side. This is so 
because consumption requiring money expenditures may contain elements of 
short-run inflexibility such as contractual commitments. The greater short-run 
flexibility of nonmoney items of consumption (leisure, home production) may 
also be a cultural characteristic of a money economy. Under these conditions, a 
transitory increase in labor force participation of the wife may well be an 
alternative to dissaving, asset decumulation or increasing debt. 

An obvious implication of this argument is that transitory as well as permanent 
components of exogenous income may affect labor supply in the presence of 
credit market constraints, short-run inflexibility of consumption commitments, 
etc. However, in general [for a few exceptions, see Johnson (1983) and Lundberg 
(1985)], little has been done to analyze these or other, related, ideas raised by 
Mincer's discussion. This is unfortunate, for such analysis may enhance under- 
standing not only of purely microeconomic issues, but even of macroeconomic 
problems as well. 

3.2.2. Dynamic labor supply models with endogenous wages 

The notion that wages depend on labor supply (as well as the reverse) has long 
played an important role in research. The most obvious example concerns 
discussions of women's wages and of sex differentials in wages, in which labor 
supply-e.g, the consequences of intermittent or continuous participation in the 
job market-  and human capital investment decisions are usually seen as playing 
a crucial role [for example, see Mincer and Polachek (1974)]. 

This being the case, someone who is looking at the life cycle literature for the 
first time, with an eye to what insights it can provide about the two-way relation 
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between women's wages and labor supply, is likely to come away from that 
literature feeling somewhat disappointed. Formal theoretical life cycle models of 
the joint determination of labor supply and wages are generally quite abstract 
and provide little immediate insight into the dynamics of women's work and 
wages; for example, not infrequently such models assume an interior life cycle 
solution for labor supply (i.e. positive hours of work at each point in the life 
cycle), thereby ignoring the discontinuities in labor force participation that figure 
so prominently in discussions of women's wages. Empirical work on such 
dynamic issues has in general either implicitly [Mincer and Polachek (1974)] or 
explicitly [Heckman and MaCurdy (1980, 1982)] ignored the behavioral linkage 
between women's work and wages in a life cycle setting [for a recent exception, 
see Zabalza and Arrufat (1983)]. 

However, it may be that these difficulties are not really as serious as they seem 
at first glance. Even relatively simple and quite abstract life cycle models can 
yield at least some insight into the joint determination of women's work effort 
and wage rates. Moreover, models of the kind usually found in the literature may 
be made more concrete and directly applicable to female labor supply. To 
illustrate both points, we set up a conventional life cycle model modified so as to 
include a time-varying taste shifter m(t) .  In our framework, a large (or growing) 
m ( t )  denotes a large (or growing) taste for leisure time. It therefore serves as a 
simple means of representing explicitly (if quite crudely) in a formal analytical 
model a notion that has figured prominently in informal discussions of women's 
work and wages over the life cycle: that for a variety of reasons-biological, 
cultural, e t c . - a n y  given woman's desire for "leisure" (nonmarket time for 
childbirth and childrearing, for example) may first increase and then decrease 
over time. Of at least equal importance, however, is another rationale for 
introducing such a taste shifter: that, at any given date, different women will for 
a variety of reasons have different preferences for such leisure. 

We begin by considering the formal structure of a model of an individual 
woman's life cycle. :9 We assume that she acts as if she enjoyed perfect foresight. 
Her earnings at any date t, E(t) ,  are given by 

E ( t )  = E [H( t ) ,  K( t ) ] ,  (60) 

where H ( t )  is her hours of work at time t and K ( t )  is her stock of "earning 
power" or "human  capital" at t. Let the rate of change of K(t) ,  I(( t) ,  be given 
by the stock-flo~e relation ~ 

I<(t) = i [ l ( t ) , G ( t ) ,  K(t ) ]  - q K ( t ) ,  (61) 

19For general discussion of dynamic endogenous-wage models, see Weiss (Chapter 11 in this 
Handbook) and McCabe (1983). 
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where l(t) and G(t) are time and goods, respectively, devoted to increasing one's 
earning power (to "human capital accumulation") at date t; where inclusion of 
K(t) in the i or "gross investment" function implies that K is an input into its 
own production; and where q represents the rate of decay, depreciation or 
obsolescence of K. As just noted, we use a dot over a variable to denote its rate 
of change over time; thus, X ( t ) =  dX(t) /dt  for any variable X; note that for 
convenience, we now switch from the discrete-time approach of Section 3.2.1 to 
continuous time. 

The dynamic or lifetime utility function may now be written 

U= foDe-s'U [C( t ) ,  m(t)L( t ) ,  K( t ) ]  dt ,  (62) 

where re(t) is the taste shifter described earlier. This specifies lifetime utility U as 
the present value (discounted at the rate, s, at which the individual subjectively 
evaluates future amounts) of the stream of utilities u received at each instant t 
between now (time 0) and the end of life (time D). z° Inclusion of K(t) in the 
instantaneous utility function u[.] means that human capital contributes to 
well-being directly (e.g. helps one use leisure time efficiently) as well as indirectly 
(i.e. raises earning power). As in Section 3.2.1, we ignore bequests (see footnote 
15). 

It remains to specify the constraints subject to which lifetime utility, as given 
by (62), is maximized. The first constraint is that total available time at each 
moment is fixed at T and is allocated between investment I( t ) ,  leisure L(t) and 
hours of work H(t), so that 

T= I ( t )+ L(t )+ H(t). (63) 

The relation between these theoretical constructs and empirically observable 
variables requires a bit of discussion at this point. The H(t) in (60) and (63) 
refers to time actually devoted to work. However, in this model time spent at 
work (that is, at one's workplace) can also involve investment time, e.g. on-the-job 
training. Thus, for persons who have left school, the sum of investment time I(t) 
and hours of work H(t) (="hours spent actually working") constitutes "labor 
supply" in the sense in which that term is normally used, i.e. hours spent at 
work. Likewise, the term "wage rate" is generally used to refer to average hourly 
earnings, i.e. earnings divided by the number of hours spent at work. Thus, in 
terms of the present model, average hourly earnings ( =  the "observed wage 
rate"), which as before we will denote by W(t), is equal by definition to 

W(t) = E ( t ) / [ I ( t ) +  H ( t ) ] .  (64) 

2°The assumption that the utility function is additively separable in time is primarily just a 
simplification in the present context, but in other contexts it is not necessarily innocuous [see footnote 
15, Hotz, Kydland and Sedlacek (1985) and Johnson and Pencavel (1984)1. 
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The second constraint facing the individual is a dynamic budget constraint, 
requiring that she at least "break even" over her entire lifetime. For simplicity, 
we assume that capital markets are perfect, permitting borrowing and lending at 
market interest rate r. Then the dynamic or lifetime budget constraint may be 
written as 

A (  D )  = A(0)d- loDe -rt [ E ( t ) -  P( t )C(t) l  dt > O. (65) 

This says that net worth at the end of life, A(D)- i . e .  initial wealth, A(0), plus 
the (discounted) sum of increments to that initial stock made at each moment 
t, e-rt[ E( t ) - P( t )C( t )]- must be non-negative. 

Further analysis is made somewhat easier by ignoring investment goods G(t) 
in (61), and is facilitated greatly by introducing a simplification known as the 
"neutral i ty" assumption [Heckman (1976a)]. Under this assumption, human 
capital K( t )  acts like Harrod-neutral technical progress by "augmenting" each of 
the individual's inputs of time-leisure, work and investment-equally, in the 
sense that x percent more K would take the place of x percent less of each of L, 
H and I. Specifically, under the neutrality assumption, eqs. (60)-(62) become 

E ( t )  = kZ-t(t)z<(t), 

I~(t) = i [ I ( t )K ( t ) ]  - qK(t) ,  

U= fDe-s tu[C( , ) ,  m ( t ) L ( t ) K ( t ) ]  d,, 
go 

(66) 

(67) 

(68) 

where k may be thought of as the rental rate of human capital, assumed constant 
over time in the interest of simplification. In (67) we ignore investment goods 
G(t), so the resulting human capital production function (or gross investment 
function) becomes i[I(t)K(t)], with i ' >  0 and i " <  0 (i.e. i 's first and second 
derivatives are positive and negative, respectively) on the assumption of positive 
but diminishing returns to IK in the production of (gross) increments to the 
human capital stock; assume further that i[0] = 0, i.e. when no investment occurs 
( I  = 0), no gross increments to K are made. The instantaneous utility function u 
is now u[C,,mLK], and is assumed to be concave and increasing in its two 
arguments, C hnd  mLK. Following Heckman (1976a), we refer to H(t)K(t) ,  
I ( t )K( t )  and L( t )K( t )  as effective hours of work, effective investment time and 
effective leisure, respectively; that is, to work, investment or leisure time as 
augmented by human capital K. 

Letting v(t) and w(t) denote the shadow values (as of time t) of financial 
assets (A) and of human capital (K),  respectively, one may write the first order 
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conditions for a maximum of lifetime utility, (68), as follows: 21 
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e St(uc(t ) _  v ( t ) P ( t ) )  = 0 ,  (69) 

e - S t ( v ( t ) k K ( t ) - u L ( t ) K ( t ) m ( t ) )  <0, with < ~ H ( t ) = O ,  (70) 

e - S t ( w ( t ) i ' ( t ) K ( t ) - u L ( t ) K ( t ) m ( t ) )  <0, with < --->I(t)=0, (71) 

where uj(t), j = C or L, is the partial derivative of u[C(t), m( t )L( t )K( t )]  with 
respect to C or taLK; and Ujk(t ), k = C or L, is the partial derivative of uj(t) 
with respect to C or taLK. 

Equations (69)-(71) constitute a set of familiar marginal benefit-marginal cost 
rules. In each, the first term inside the braces is the marginal benefit of a 
particular act ivi ty-consumption,  in (69); work, in (70); investment, in (71) -and  
the second is its marginal cost. In (69), the marginal benefit of consumption is 
simply its marginal utility; its marginal cost is the pecuniary price P(t) of the 
consumer good converted into utility units by multiplication times v(t), the 
shadow or ctility value of an added dollar of wealth. In (70), the marginal benefit 
of work is the marginal utility of the additional earnings it generates [ = the 
dollar amount  of hourly earnings, kK(t), converted to utility units by multiplica- 
tion times v(t)], whereas its marginal cost is the marginal utility of leisure (i.e. 
the utility value of the leisure that must be given up). Finally, the marginal 
benefit of investment time is the utility value of the increment to the human 
capital stock caused by investment time [ = the marginal product of investment 
time I(t) in the production of human capital, i ' ( t)K(t),  multiplied times the 
shadow value of human capital, w(t)]; as with work, the marginal cost of 
investment time is the utility value of the leisure that must be forgone. Note that 
(70) and (71) allow for corner solutions for work and investment, respectively, in 
the sense that either activity's marginal cost may be so high relative to its 
marginal benefit that it may not be undertaken. 

In addition to these marginal cost-marginal benefit rules, optimal behavior 
m us t  satisfy several other requirements. First, by (62), bequests have no utility 
value, so assets at death must be zero: 

A(D) = A ( O ) +  fDe-r t [E( t ) - -  P ( t ) C ( t ) l d t = O .  
"0 

(72) 

21 Formal discussion of endogenous-wage life-cycle models such as the one in the text is perhaps 
best undertaken as it has usually been undertaken in the literature, using optimal control theory. 
However, many readers may find control theory unfamiliar, and for us to attempt to familiarize 
readers with it would take us well beyond the scope of our topic. [For an admirably lucid introduction 
to the subject, see Arrow and Kurz (1972, ch. 2); for more detailed treatments, see Dixit, (1976) and 
Takayama (1985, ch. 8).] Accordingly, the discussion here will be intuitive and heuristic. 
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Second, the initial shadow value of assets, v(O), and the discounted shadow value 
at any later date t, v(t), must be equal, where the discount rate is the difference 
between the individual's subjective rate of time preference s and the market rate 
of interest r, i.e. 

v(0) = e -(~ ")tv(t). (73a) 

Note that (73a) implies that 

= ( s - r ) v ( t )  (73b) 

It also implies that, so long as s and r remain the same, the value of v at any 
given date t, v(t), will change only if v(0) changes. 

Finally, the individual equates the shadow value of human capital at any date t 
to the discounted stream of future benefits (measured in utility units) that would 
result from having an additional unit of human capital at that date. Specifically, 
optimal behavior requires 

w(t)  =ftDe -(s+q)(z-t) [m(Z)UL(Z)L( z )  + v ( z ) k H ( z )  

+ w ( z ) i ' ( z ) I ( z ) ]  dz 

= fDe-,s+q~z t)m(z)uL(z)Tdz. 
~ t  

(74a) 

The terms after the first equals sign in (74a) represent the three distinct sources of 
benefits derived from an additional unit of human capital: human capital 
increases (i) effective leisure, (ii) market earnings and (iii) effective investment 
time, respectively. 22 Note that (74a) implies 

(~(t) = (s + q ) w ( t ) -  m(t )ut~( t )T .  (74b) 

This completes the construction of the formal model. What does it imply about 
women's labor supply, investment, wages, etc.? Here it is helpful to distinguish 
between equilibrium dynamics and comparative dynamics, or equivalently be- 
tween responses to "evolutionary" changes and responses to "parametric" 
changes. In any dynamic model, "equilibrium" is of course an intertemporal 
equilibrium, ih:~hich the individual-faced with certain exogenous givens, e.g. 
initial wealth A(0) and present and (expected) future price levels P(t) -chooses  a 
set of time paths for the relevant variables, e.g. L(t),  I( t)  and H(t). Evolution- 

22The second line of (74a) follows from the first by (63), (70), and (71). To see why, note that (70) 
and (71) imply that H[vk - rout. ] = l[wi' mUL] = 0 always. For example, if H is nonzero, then 
(70) holds as an equality, but if (70) is an inequality, then H = 0. 
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ary changes refer to the shape of these time paths, i.e. to the way the relevant 
variables change over time as the individual's intertemporal equilibrium 
u n f o l d s - f o r  short, to the individual's equilibrium dynamics. 

Of  course, if there were an unanticipated change in an exogenous given such as 
A(0) or P(t) ,  then the individual would change her intertemporal equilibrium, or, 
equivalently, would change the time paths she had adopted for all choice 
variables such as L(t ) ,  etc. Responses to such unanticipated or "parametr ic"  
changes in these exogenous givens entail changes in the individual's intemporal 
equilibrium and time paths, i.e. are aspects of the individual's comparative 
dynamics. 

First consider equilibrium dynamics. Derivation of equilibrium dynamics 
results is greatly simplified if one assumes an interior solution for both  H and I 
for all t < D. 23 Under  this assumption (we consider corner solutions below), (70) 
and (71) hold as equalities, in which case eqs. (74) may be written as 

w ( t )  = ftOe ls+q)~z- ')o(z)kTdz,  

¢v(t) = (s  + q ) w ( t ) -  v ( t ) k T .  

(75a) 

(75b) 

Now define a new variable, x ( t )  = w ( t ) / o ( t ) ,  which may be interpreted as the 
money shadow value of human capital at time t (since it is the ratio of the 
marginal utility of human capital to the marginal utility of money at t). Since 
w ( D )  = 0 by (75a), eqs. (73)-(75) for o(t)  and w(t)  may be manipulated 24 to 
yield analogous expressions for x( t ) :  

x ( t )  = f o e  (r+q)(z O k T d z = k T [ l _ e - ( r + q ) ( O - t ) l / ( r  + q),  
~t  

2 ( t )  = (r  + q ) x ( t ) -  k T =  - kTe  -(r~ q)(D t ) .  

(76a) 

(76b) 

Now consider equilibrium d y n a m i c s - t h a t  is, the individual's life-cycle 
p a t h s - u n d e r  the assumption of an interior solution for I and H. [To simplify 
notation, we now suppress the time index, (t), on variables except when doing so 
would cause confusion.] By (71) and the definition x = w/o,  x i ' =  k; totally 

23 For example, Heckman (1976a) argues that periods of zero investment could be thought of as 
periods during which I is "low", periods of retirement or nonwork could be thought of as periods 
during which H is "low", periods of full-time schooling could be thought of as periods during which 
I is high relative to H, etc. 

24Note that .~ = d[w/v]/dt = (bw- ¢vv)/v 2= [(¢v/w)-(b/o)]x, which reduces to (76b) by (73) 
and (75). In turn, (76b) and the terminal condition x(D) = 0 form a differential equation system that 
may be solved to obtain the expression after the first equals sign in (76a), whose integral is the 
expression after the second equals sign in (76a). 
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( I'K ) = - ( : c / x ) (  i ' / i " ) .  (77) 

To characterize the dynamic equilibrium path of IK, note first that, by (76)-(77), 
the fact that i depends only on I K  and the assumption of an interior solution, 
the life-cycle path of I K  is independent of m. By (67), it follows that the 
life-cycle path of K is also independent of m, and thus that I = I K / K  is also 
independent of m. In other words, knowing that period t is one of high or rising 
m tells us nothing about the behavior of I, K or I K  at time t. 

Next, note from (76) that :c /x  < 0 throughout the life cycle. Since i ' / i " <  0 
always, effective investment I K  also falls throughout the life cycle. By (67), and 
our assumption that i[0] = 0, it follows that potential earning power K ( t )  must 
also ultimately decline so long as depreciation occurs (i.e. so long as q > 0), even 
though K ( t )  may (and, in reality, usually does) rise earlier in the life cycle. 

Now consider the equilibrium behavior of C and L K  over the life cycle. Write 
(70) as an equality to reflect the assumption of an interior solution for H and 
differentiate (69) and (70) with respect to time, solving for C and L K  to obtain 

C = { b [ m u L L P -  ucLk]m + t h [ M ] m u c L } / d ,  

L K  = { b[ ucck  - muLcP ] + m[mLKuLcULc - Mucc]}  / d ,  

(78a) 

(78b) 

where d = m2[UccULL --(UcL)2], with d > 0 by concavity of u; M = d[muc] /dm 
= ut~ + rnLKuLl 5 and where, to simplify, we assume P is constant. 

The life-cycle path of consumption may be described using (78a). In (78a), the 
first term in square brackets inside the braces is negative if consumption is a 
normal good in the static one period sense. 25 Thus, if consumption is normal 
then, at least when m is not changing (so that rh = 0), consumption will rise or 
fall over time depending on whether v is negative or positive. In turn, (73b) 
indicates that v will be negative or positive depending on whether s is less or 
greater than r. Since a positive-sloped life-cycle consumption profile seems much 
more plausible on a priori grounds than a negative-sloped profile, we will 
henceforth assume that 

s < r. (79) 

Of course, even if s < r the time profile of consumption need not always be 
positive-sloped, for the life-cycle behavior of C also depends on the taste shifter 
m, as given by the second term inside braces in (78a). It might be plausible to 

25See footnote 16. In the present case, the definition of "normal in the static sense" includes the 
requirement that the individual may not devote time to investment, i.e. must have l(t) = O. 
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assume  UcL > 0 (which is sufficient, though not  necessary, for both  consumpt ion  
and leisure to be  normal  goods in the static sense), i.e. that  addi t ional  consump-  
t ion raises the marginal  utility of  (effective) leisure. If  so, then a rising m (rh > 0) 
increases the growth rate of C. Speaking somewhat  more  loosely, we may  say 
that,  p rov ided  UcL > 0, consumpt ion  will tend to be high (or rising) during 
per iods  when  m is high (or rising) - which might be interpreted as childbearing 
ages. 26 

N o w  consider  the life-cycle pa th  of effective leisure, as given by (78b). The  first 
t e rm inside the curly braces  in (78b) is positive provided leisure is a normal  good 
in the static one-per iod  sense. Thus, if leisure is normal  then, by  (79) and (73b), 
dur ing per iods  when m is constant,  effective leisure L K  will rise. Moreover,  
M > 0 p rov ided  increases in re(t)  over t ime do indeed amount  to increases in the 
margina l  ut i l i ty of  (effective) leisure, 27 and so the second term inside the curly 
braces  in (78b) will be posit ive or negative depending on whether  m is rising or 
falling. Hence  a rising m (rh > 0) increases the rate of growth of  LK.  In less 
precise terms, one may  say that  effective leisure L K  will tend to be high (or 
rising) dur ing per iods  when re(t)  is high (or rising), such as the age of childbear- 
ing. 

Finally,  consider  the equil ibrium pa th  of leisure, L. As noted  earlier, the 
life-cycle pa th  of  K is independent  of the life-cycle behavior  of m. Thus,  when 
re( t )  is high (or  rising), not  only effective leisure L K  but  also the level of leisure 
L will tend to be  high (or rising). In other words, since ( L ) 0  = L/£ + LK,  

L = [ ( z , K ) -  (80) 

so that,  by (78b), growth in m (rh > 0) increases the rate of  growth of leisure, L, 
as well as the rate of growth of effective leisure, LK.  In  less formal  language, one 
m a y  say tha t  not  only effective leisure but  also leisure itself will tend to be high 
(or rising) dur ing  periods when m ( t )  is high (or rising), such as the child-bearing 
years. 

This  leads directly to several proposi t ions concerning labor  supply  and wage 
rates. In a mode l  of  this kind, the equivalent of  " l a b o r  supply"  in the sense used 
in static models  is " m a r k e t  t ime",  T - L ( t ) =  I ( t ) +  H( t ) ,  i.e. " h o u r s  spent at 
work" .  As shown above,  I ( t ) ' s  behavior  over  t ime is independent  of  m ( t ) ' s  

26Both here and in what follows we abstract from the effects of concurrent changes in v [note from 
eqs. (78) that the growth rates of both C and LK depend on v as well as on m]. The phrase "tends 
to" as used in the text should thus be understood to mean, "tends to, leaving aside the effects of 
concurrent changes in v". The same caveat applies to our remarks in the text about the behavior of 
hours of leisure (L), actual work (H), and market time ( I +  H), and to our discussion of the 
"investment content" of an hour of market time ( I / ( I  + H)). 

27By (70), mu L is the marginal utility of effective leisure LK, and is increasing with respect to m 
provided M = d[muL]/dm = u~ + mLKuLL > O. Note that M> 0 if the elasticity of the marginal 
utility of effective leisure with respect to effective leisure (LK) is less than unity in absolute value. 
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behavior, and growth in m (rh > 0) raises the rate of growth of L. Thus, growth 
in m reduces the growth rates of both hours actually worked, H(t), and hours 
spent at work, J(t) = H(t)+ I(t): that is, growth in m will make the growth of 
H and J less positive, or else more negative. 

Next consider the rife-cycle path of the observed wage rate, i.e. earnings per 
hour spent at work, E(t)/[H(t)+ I(t)] = kK(t)H(t)/[H(t)+ I(t)]. As noted 
above, the paths of l(t) and K(t) are independent of re(t) over the life cycle, 
whereas growth in m(t) reduces the rate of growth of H(t). Thus, growth in m 
reduces the rate of growth of the observed wage rate. Speaking somewhat more 
loosely, one may say that the observed wage rate will tend to grow relatively 
slowly (and could even fall) during periods when m is growing, such as the ages 
of childbearing and childrearing. 

To the extent that the abstract taste shifter construct m(t) can legitimately be 
given the concrete interpretation we give i t - a s  a measure of the greater prefer- 
ence for "leisure" or nonmarket time L(t) that a given woman may have during 
the age of childbearing and childrearing-the model described here provides a 
quite comprehensive and seemingly very satisfactory set of predictions about 
life-cycle patterns of women's work and wages. The model implies that, ceteris 
paribus, during the childbearing and childrearing ages leisure will be higher (or 
rising more rapidly), and both the wage rate and "labor supply" as convention- 
ally defined will be lower (or rising less rapidly), than during other periods in the 
life cycle. At least in a gross sense, these predictions are clearly consistent with 
the stylized facts about the age pattern of female labor supply set out in Sec- 
tion 2. 

In other respects, however, these predictions are at odds with casual theorizing 
about the female life cycle. The most obvious example concerns time devoted to 
investment in human capital, I, and human capital accumulation, K. A long 
tradition in discussions of women's life-cycle behavior [exemplified by, for 
example, Mincer and Polachek (1974)], which we will call the "Informal Theory", 
identifies the age of childbearing and childrearing as a period of reduced 
investment as well as of reduced labor supply; and finks the low level of (or rate of 
growth in) women's wages during this period to the hypothesized low level of 
investment. 

In contrast, in the present model, high or growing m ( t ) -  in effect, childbearing 
and childrearing-does not affect investment time or the human capital stock at 
all. Moreover, although the model does predict that the observed wage 
E(t)/[H(t) 4-~Q)] = kK(t)H(t)/[H(t ) + I(t)] will be low (rising slowly, fairing) 
during the age of childbearing and childrearing, that is only because hours of 
actual work H(t) are low: hours of investment time I(t) and the human capital 
stock K(t) at any age are completely independent of re(t), i.e. of childbearing 
and childrearing. Indeed, in this model, the "investment content" of time spent 
at w o r k - I ( t ) / [ H ( t ) + / ( t ) ] - i s  relatively high during the age of childbearing 
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and childrearing, even though the amount of time spent at work, H(t)+ I(t), is 
low (rising more slowly, falling). 

It is certainly true that the model generating these results-in particular the 
neutrality assumption-is a rather special one. However, one cannot resolve the 
anomalies highlighted by this model by simply saying that its neutrality assump- 
tion is rather restrictive. Generalizing the model-e.g, allowing for possible 
non-neutrality-would certainly permit results more in keeping with the Informal 
Theory. However, any such generalization would almost certainly not preclude 
results of the kind just discussed. In other words, if even a special case of a 
formal model generates propositions that effectively call the Informal Theory into 
question, there is not much reason to suppose that propositions derived from a 
more general formal model would invariably conform to those of the Informal 
Theory. 

In sum, in several important respects the implications of the formal life-cycle 
model developed here are at odds with the Informal Theory. Two caveats should 
be noted immediately, however. The first caveat is that the formal model and the 
Informal Theory agree about the behavior of observable variables (e.g. hours 
spent at work, average hourly earnings) and disagree only about the behavior of 
unmeasurable variables (e.g. investment time, the investment content of an hour 
spent at work, the human capital stock). Thus, it could be argued that the 
differences between the formal model and the Informal Theory (i) are much less 
important than are their similarities, and (ii) may not even be testable anyway. 

The second caveat is that the Informal Theory is sufficiently informal that it 
should not necessarily be interpreted as we have thus far interpreted it, namely, 
as a set of statements about a given woman's behavior over the life cycle-i.e. 
equilibrium dynamics. Rather, it could be argued that the Informal Theory is 
really concerned more with cross-sectional differences among different women. 
To analyze such differences, one needs to consider the model's comparative 
dynamics: comparative dynamics is literally concerned with how a given individ- 
ual responds to a change in some exogenous given, but it could equally well be 
taken to refer to differences between two individuals who have different values 
for the relevant exogenous givens. In particular, m(t) need not be the same at 
any given date, and need not change in the same way over time, for different 
women. Likewise, different women need not have the same values for other 
exogenous givens [e.g. initial wealth, A(0)]. Do differences in A(0), re(t), etc. 
among different women lead to differences in labor supply, wages, and the like? If 
so, how and in what direction? Since the Informal Theory has often been invoked 
in discussions of questions of precisely this kind, there is ample reason for 
regarding it as referring at least to some extent to comparative dynamics. 

It remains to consider the comparative dynamics of the formal model devel- 
oped above. We will focus on effects of m(t) and A(0), starting with the 
comparative dynamics of investment and human capital accumulation [see 
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Heckman (1976) for a comprehensive discussion of many other comparative 
dynamics effects]. Because we have assumed an interior solution for both I and 
H, (70) and (71) hold as equalities, so that 

k / i ' [ I ( t ) K ( t ) ]  = x ( t ) .  (81) 

By (76a), x ( t )  is independent of both A(0) and m(t).  It follows that, other things 
being equal, women with different levels of initial wealth or tastes for leisure (e.g. 
childbearing, marriage) will nevertheless undertake the same amount of effective 
investment I ( t  ) K( t  ). Since potential earnings K( t ) depend only on l( t  ) K( t ), and 
since I ( t )  = I ( t ) K ( t ) / K ( t ) ,  it follows that, other things being equal, women with 
different levels of initial wealth or tastes for leisure (e.g. childbearing, marriage) 
will nevertheless have the same human capital stock K(t)  and will devote the 
same amount of time to investment I ( t )  at each age t. 

Next consider how changes in A(0) and m(t)  affect the time paths of 
consumption, leisure, etc. over the life cycle-or, equivalently, how differences in 
A(0) and re(t) among different persons lead to different levels of consumption, 
leisure, etc. at any point in the life cycle. Here again, as in the exogenous-wage 
model of Section 3.2.1, it is extremely helpful to use the Frisch demand system 
and to distinguish between (i) changes in time paths that would occur even if the 
shadow price of assets v remained unchanged, and (ii) changes that occur 
because changes in the relevant variables will in fact change the shadow price v. 
As in the exogenous-wage model, we will refer to these two kinds of changes as 
"shadow price-constant" and "shadow price-variable" effects, respectively. These 
are analogous to the substitution and income effects, respectively, of static labor 
supply models, but with one important difference: substitution and income 
effects refer to changes with the level of utility constant or variable, respectively; 
whereas shadow price-constant and shadow price-variable effects refer to changes 
with the marginal utility of assets constant or variable, respectively. 

First consider the shadow price-constant effects on C and LK of changes in 
A(0) and, at a particular t, in re(t). By (69)-(70), a change in A(0) will not 
change either C(t) or L ( t ) K ( t )  so long as the shadow price v remains un- 
changed. Thus, the shadow price-constant effects on C and LK of a change in A(O) 
are both zero. To derive shadow price-constant effects of a change in re(t), begin 
by differentiating (69) and (70) totally with respect to o(t) and re(t) with t 
constant, to obtain: 

dC( t )  d m ( t ) ( m ( t ) u c L ( t ) [ M ( t ) ] / d ( t ) )  

+ d v ( t ) ( m ( t ) [ m ( t ) P ( t ) U L L ( t ) - - k U c L ( t ) ] / d ( t ) ) ,  (82) 

d [ L ( t ) K ( t ) ]  = d m ( t ) ( [ -  M ( t ) u c c ( t ) +  U c L ( t ) E m ( t ) L ( t ) K ( t ) ] / d ( t ) )  

+ d v ( t ) ( [ k u c c ( t ) - m ( t ) P ( t ) U L c ( t ) ] / d ( t ) ) ,  (83) 
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where d(t)  = m(t)2[Ucc(t)uLL(t) - UcL(t)2]; M(t) = d[m(t)uL(t)]/dm(t); and 
dC( t )  and d[L(t)K(t)] denote changes in consumption and effective leisure, 
respectively, at a given date t induced by changes in re(t) and v(t) at that date. 
If v(t) is constant, d r ( t ) =  0, so, by (82) and (83), the shadow price-constant 
effects of a change in m(t) on C(t) and L( t )K( t )  are 

dC( t ) / d m (  t ) = m( t )Uct.( t )[ M( t ) ] /d (  t ), (84) 

d [ L ( t ) K ( t ) ] / d m ( t )  = [ -  M(t )Ucc( t  ) + UcL(t)2m(t)L(t)K(t)]/d(t).  
(85) 

So long as an increase in m(t) at given t does indeed connote an increase in the 
marginal utility of effective leisure, M(t )> 0 (recall footnote 15), and so an 
increase in re(t) at given t with the shadow value of initial assets constant will 
increase effective leisure L(t)K(t)  at that date. If consumption raises the 
marginal utility of effective leisure (UcL(t) > 0), then a shadow value-constant 
increase in m(t) at given t will also increase consumption C(t) at that date. 

These results refer only to the shadow price-constant effects of changes in A(0) 
and m(t). However, such changes will also lead to changes in the shadow prices 
v(t)  themselves. For example, it is intuitively plausible that, other things being 
equal, someone with greater initial assets will have a lower v(t) at all dates t > 0 
provided goods and leisure are normal - tha t  is, will regard assets as less "pre- 
cious" or " sca rce" - than  will someone with lower initial assets. It remains to 
establish that this conjecture is not merely plausible but also correct; to obtain an 
analogous result for the effect of greater m(t) on v(t); and then to derive the 
impact of either kind of change in v(t) on C(t) and L( t )K( t ) - t he  shadow 
price-variable changes described earlier. 

To see how v(t) at each t will change in response to an increase in initial assets 
A(0), recall that with v(t) constant a change in A(0) has no effect on C(t) or 
L( t )K( t )  [see (82)-(83)]; and note from (64) that, other things being equal, an 
increase in A (0) will leave some assets unspent at the end of life. Since there are 
no bequests and since "you  can't take it with you", that cannot be optimal. The 
appropriate response to an increase in A(0) is reduce v(t), i.e. to value assets less 
highly and spend them more freely. Indeed, as (82)-(83) indicate, at given values 
of m(t), both C(t) and L(t)K(t)  will fall when v(t) is increased (provided 
consumption and leisure, respectively, are normal goods). That is, 

dC( t ) / d v (  t ) = m( t ) [m( t ) P( t )uLL( t ) -- kUcL( t ) ] /d(  t ), (86) 

d [ L ( t ) K ( t ) ] / d v ( t )  = [ kucc ( t ) -  m( t )P( t )ULc( t ) ] /d ( t  ), (87) 

where the expressions after the equals signs in (86)-(87) are negative provided C 
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and L, respectively, are normal goods in the static sense. Moreover, an increase 
in v(t) will always increase net additions to wealth a(t )= E ( t ) - P ( t ) C ( t ) =  
k T K ( t ) -  k l ( t ) K ( t ) -  k L ( t ) K ( t ) -  P(t)C(t): since dK( t ) /dv ( t )  = d I ( t ) /dv ( t )  
= 0 by (81) and (67), d a ( t ) / d v ( t ) = - k { d [ L ( t ) g ( t ) ] / d v ( t ) } -  
P( t ){dC(t ) /dv( t )} ,  so, by (86)-(87), 

d a ( t ) / d v ( t )  

= _ (k2ucc( t )+ [m( t )P( t ) ]ZuLL( t ) - -2km( t )P( t )UcL( t ) ) /d ( t ) ,  

(88) 

which is always positive by concavity of u. Thus, the disequilibrium caused by 
higher A(0)-"excess"  financial wealth at death, A ( D ) >  0 - i s  remedied by a 
reduction in v(t). Provided C and L are normal, the reduction in v raises both 
consumption and effective leisure, thereby reducing earnings and increasing 
expenditure at each date, thereby exhausting the excess asset accumulation that 
would otherwise show up as A(D) > 0. It follows that 

dv( t ) /dA(O)  < 0 (89) 

which, along with (86)-(87), implies that the shadow price-variable effects on 
consumption and effective leisure of an increase in initial assets are both positive. 
That is, the shadow price-variable effects of higher A(0) are, respectively, 

( d C ( t ) / d v ( t ) )  {dv( t ) /dA(O)}  > O, 

( d [ L ( t ) K ( t ) ] / d v ( t ) ) ( d v ( t ) / d A ( O ) )  > O, 

(90) 

(91) 

provided C and L are normal in the static sense. 
Essentially the same reasoning leads to the proposition that the shadow 

price-variable effects on consumption and effective leisure of a greater taste for 
leisure are both negative -the opposite of the v-variable effects of a greater level 
of initial wealth. By (82)-(83), or equivalently (84)-(85), with v(t) constant 
(d v (t) = 0) a greater taste for leisure at any date t (d m (t) > 0) will (i) increase 
consumption at that date provided UCL(t ) > 0; and (ii) increase effective leisure 
at that date provided M(t) > 0. Hence, net increments to wealth a(t) fall due to 
the rise in ,m(t):  by (81) and (67), d K ( t ) / d m ( t ) =  0, so d a ( t ) / d m ( t ) =  
- k (d[L(t)I((~t)]/dm(~t)}- P( t ) (dC(t ) /dm(t ) ) .  Thus, by (84)-(85): 

d a ( t ) / d m ( t )  = - ( M ( t ) [ -  kucc(t  )+ m( t )P( t )ucL( t ) ]  

+ m( t )L ( t )K( t )ULc ( t  ) 

× [ -  m( t )P( t )uLL( t )+  kuLc(t)] ) / d ( t ) ,  (92) 



Ch. 2: Female Labor Supply 175 

which is negative provided M(t )> O, UcL(t ) > 0 and consumption and leisure 
are normal in the static sense. Thus, with v(t) constant, a greater taste for leisure 
at any given date will lead to a shortfall of financial wealth that would violate 
(64). The remedy is to increase v(t): by (88), an increase in v(t)  always increases 
net increments to wealth a(t). Hence, if M(t) > O, ucL(t ) > 0 and C and L are 
both normal, 

d v ( t ) / d m ( t )  > 0, (93) 

which, along with (86)-(87), implies that the shadow price-variable effects on 
consumption and effective leisure of an increase in the taste for leisure are both 
negative. That  is, if M(t )>  O, ucL(t ) > 0 and C and L are both normal, the 
shadow price-variable effects of higher re(t) are, respectively, 

{ d C ( t ) / d v ( t ) }  { d v ( t ) / d m ( t ) }  < 0, (94) 

( d [ L ( t ) K ( t ) ] / d v ( t ) }  { d v ( t ) / d m ( t ) }  < 0. (95) 

In sum, women with a greater taste for leisure (e.g. a greater preference for 
activities such as childrearing) will (have to) put a greater shadow or implicit 
value on financial assets than will other women: the v-constant effect of greater m 
raises consumption and reduces earnings, which in turn requires greater caution 
with respect to earning and spend ing -an  increase in v - s o  as to ensure that the 
lifetime budget constraint can still be satisfied. Thus, via the o-variable effect, 
consumption and effective leisure LK both fall. Since changes in v do not affect 
IK, K or I,  the o-variable effect of greater m does not change IK, K or I but 
does reduce leisure time L ( = LK/K) .  Hence the v-variable effect of greater m 
raises (i) actual hours of work H = T - I - L, (ii) hours at work J = T -  L = I + 
H, and (iii) the observed wage W =  k K H / ( I  + H);  and reduces the investment 
content of an hour spent at work I / ( I  + H). 

Now combine the shadow price-constant and shadow price-variable effects to 
derive the total effects of changes in A (0) and m (t)  on consumption, leisure, etc. 
First consider the effects of greater A(0). All shadow price-constant effects of 
greater A(0) are zero, so the total effects of greater A(0) are the same as the 
shadow price-variable effects of greater A(0). Thus, ceteris paribus, a woman who 
has greater initial assets must necessarily have greater consumption and effective 
leisure than a woman with less initial assets. Also, other things being equal, the 
woman with higher initial assets will spend less time at work J = T - L ,  will 
spend less time actually working H = T -  I - L, and will enjoy more leisure time 
L. Her  observed wage E / ( I  + H) = k K H / ( I  + H) will be lower, but the invest- 
ment  content of an hour of the time she spends at work I / ( I  + H) will be higher, 
than for the woman with lower initial assets. Finally, ceteris paribus, the woman 
with higher initial assets will have the same potential earning power or human 
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capital  s tock K as will a woman with lower initial assets; and both  women will 
invest  to the same extent (where investment refers either to investment time I or 
to effective investment  I K ) .  

Al though  these proposit ions of  course refer in a literal sense to the effects of  
differences in initial assets, A(0), it is impor tant  to note  that they could also be 
interpreted as referring to the impact  of  marriage (especially if one ignores 
in t rafamily  cross-substitution effects of  the kind described in Section 3.2): 
marr iage  seems to permit substantial economies of  scale in consumption,  and so 
to at least some extent is analogous to an increase in financial wealth (which, 
d i scounted  back  to time 0, is simply an increase in initial assets). I f  so, then 
marr iage  will (i) raise consumpt ion and leisure time (and thus fertility?) at all 
ages; (ii) reduce  hours at work, J =  T - L ,  at all ages; and (iii) reduce the 
observed wage, k K H / ( I  + H) ,  at all ages. 28 

All this is very much in line with the intuit ion generated by  the Informal  
Theory,  and  is certainly consistent with empirical findings on cross-section 
pat terns  of  women ' s  labor supply and wages by marital  status. However,  note 
that  some of  the implications of  the formal model  seem at odds with the 
reasoning of  the Informal  Theory:  to the extent that  marriage can indeed be 
regarded as akin to higher A(0), the formal model  implies that marriage does not 
affect investment  time I,  effective investment I K  or h u m a n  capital K. Moreover,  
in general  no  conclusions can be drawn from the formal model  about  the impact  
of  m a r r i a g e -  higher A ( 0 ) -  on the slope of the earnings profile unless one adopts  
some specific assumptions about  preferences [Heckman (1976, pp. $23, $41)]; in 
contrast ,  the Informal  Theory has almost  always associated marriage with flatter 
earnings profiles. 

N o w  consider  the comparative dynamics effects of  greater m( t ) ,  which are 
summar ized  in Table 2.24. To the extent that a greater re( t )  at any given date 
can be interpreted as a greater taste for leisure (for nonmarke t  as opposed to 
market  work,  for children, etc.), then the above indicates the following: (i) with v 
constant, a w o m a n  with a greater taste for raising children and other nonmarke t  
activities will enjoy more consumer goods and leisure, will spend fewer hours at 
work  (with, however, each hour  having a higher investment content),  and will 

2~Since these are comparative dynamics rather than equilibrium dynamics results, it is important to 
be clear, about what they do and do not mean. They do not mean that, once a given woman marries, 
her leisure time, hours of work and wages will change in particular ways (relative to their levels at an 
earlier stage in the life cycle): changes of that kind refer to equilibrium dynamics, i.e. to the 
development of "a,siven woman's equilibrium lifetime plan as she goes through the life cycle. Rather, 
these results refer t~ differen~s~.in lifetime plans between married and unmarried women who are 
similar in all other respects (e.g. initial human capital stocks, tastes for leisure, etc.). In effect, 
differences in initial nonhuman assets are treated here as proxies representing unobservable traits that 
lead otherwise observationally similar women to differ in terms of marital status and equilibrium life 
cycle paths. As such, the propositions discussed in the text are predictions about the ceteris paribus 
associations between marital status and other variables of interest (e.g. labor supply, leisure time or 
wage rates) that will be observed in cross-sections. 
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Table 2.24 
Comparative dynamics effects of greater m (t). 

177 

Effects of greater m(t):  

Variable v-constant effect v-variable effect Total effect 

I ( T ) K ( T )  0 0 0 
l ( t ) , K ( t )  0 0 0 
C(t)  +a _c ? 
L ( t ) K ( t ) ,  L ( t )  + b  __c ? 

H(t)  - + ? 
W(t )  - + ? 
l ( t ) / [ H ( t ) +  l(t)]  + - ? 

a Provided UcL > O. 
bprovided M > O. 
CProvided UcL > O, M >  O, and C and L both normal. 

have a lower wage, than will a woman with a lesser taste for such nommarket 
activities; (ii) these reductions in hours of work and wages prompt the woman 
with a greater taste for nonmarket activities to place a greater implicit value on 
assets, and thus be more conservative about spending on consumption and 
leisure, implying (iii) that the v-variable effect of a greater taste for nonmarket 
activity will be to increase work and wages and reduce leisure time. 

On balance, then, the net effects of a greater taste for nonmarket activity or 
"leisure" at any particular age t are generally indeterminate a priori (except as 
regards investment time and human capital accumulation, which are independent 
of m). For example, the v-constant effect of greater m (t)  acts to increase leisure 
L(t),  but the v-variable effect of greater re(t) acts to reduce it. 

It is nevertheless possible to derive some insight into the effects of greater re(t) 
on individuals' life-cycle paths, thanks largely to the analytical distinction be- 
tween the v-constant and v-variable effects of greater re(t). On the one hand, the 
v-constant effects of greater re(t) alter behavior only at age t, and not at any 
other age: since the lifetime utility function U is separable in time, consisting of 
an integral of instantaneous utility functions u, an increase in re(t) with v(t) 
constant does affect behavior at time t but does not affect behavior at any other 
date t'. [For example, note from (69)-(71) that C(t), L ( t )K( t )  and I ( t )K( t )  are 
independent of m(t')  for all t'4~ t.] On the other hand, the v-variable effect of 
greater re(t) affects behavior (e.g. leisure, the observed wage, hours at work) at 
all ages: the v-variable effects of greater re(t) are spread over the individual's 
entire life cycle because borrowing and lending make it possible (for example) to 
earn and save during periods when re(t) is low(er) and to borrow or live off past 
savings during periods when m(t) is high(er). Thus, for all t '  4: t, the only effects 
of higher m(t)  are v-variable effects, whereas at t a higher level of m(t) will have 
both v-variable and v-constant effects. 
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To the extent that the v-variable effect of greater re(t) at any given age is likely 
to be small, one would expect the v-constant effect of greater m(t) to dominate 
the v-variable effect at age t. At other ages t '  ~ t, higher m(t) has a v-variable 
effect only. Thus, so long as a greater re(t) can indeed be interpreted as a greater 
taste for nonmarket work, childrearing, etc., the formal model developed here 
implies that, during the childbearing and childrearing ages, women with a greater 
taste for nonmarket work, childbearing and childrearing will tend to have (i) 
lower hours of actual work, hours at work, and observed wage rates, and (ii) 
higher hours of leisure and a higher investment content per hour spent at work, 
than will other women, ceteris paribus [provided-as  seems reasonable 
a pr ior i -  o-constant effects dominate during the periods t that m(t) is high]. 
However, the model also implies that, at ages other than those of childbearing 
and childrearing, these patterns will be exactly reversed; then, women with a 
greater taste for nonmarket work, childbearing and childrearing will spend more 
time working, earn a higher observed wage, devote less time to leisure, and will 
work at jobs whose investment content is lower. Finally, the formal model 
implies that, at all ages, women with high tastes for nonmarket work, childrear- 
ing, etc. will have the same human capital stock K and will devote the same 
amount of time to investment I as other women, ceteris paribus. 

Thus, the formal model's predictions about behavior during the age of 
childbearing and childrearing seem quite consistent with the intuition generated 
by the Informal Theory. However, its implications about behavior at ages other 
than those of childbearing and childrearing raise some questions about the 
Informal Theory. For the most part, the Informal Theory ignores the implicit 
substitution between high- and low-re(t) periods that occurs in the formal model 
developed here. 

The most noteworthy difference between the formal model and the Informal 
Theory is, of course, that in informal discussions marriage, childbearing, 
childrearing, etc. are usually assumed a priori to be associated with less invest- 
ment ( I )  and human capital accumulation (K),  whereas in the formal model 
developed here both investment and human capital are independent of marriage 
and children. An important reason for this is probably that the formal model 
presented above explicitly assumes a lifetime interior solution (i.e. positive H and 
I throughout the life cycle). Generalizing a model of this kind by allowing for 
corners (e.g. zero H and /or  I during part of the life cycle) would permit explicit 
analysis of something that is suppressed by the assumption of a lifetime interior 
solution but tlast figures prominently in the Informal Theory: discontinuities in 
employment and work experience. 

To sum up: although much informal discussion implicitly or explicitly em- 
phasizes the interrelationships between women's work and wages in a life-cycle 
setting, rigorous analysis of such issues using formal life-cycle labor supply 
models with endogenous wages is still in its infancy. To some extent, even quite 
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simple and abstract models have something to say about female labor supply 
over the life cycle; more important, relatively modest development of abstract 
models can yield additional insights and propositions about women's work and 
wages over the life cycle. To some extent, formal models confirm the intuition 
developed by informal theorizing; in other respects, however, the results of 
formal models raise questions about the merits of such simple intuition. Further 
research in this area is long overdue, and would seem to be eminently promising. 

4. Empirical studies of female labor supply 

We now discuss empirical analyses of female labor supply. We first describe some 
of the important problems that arise in such studies-concerning specification, 
measurement of variables, econometric technique, and the l ike -and  then sum- 
marize the findings of recent empirical work. To motivate this discussion, we note 
at the outset that the results of some recent empirical studies of female labor 
supply differ appreciably from those of research conducted through the early 
1980s. There has been a consensus of relatively long standing that compensated 
and uncompensated female labor supply wage elasticities are positive and larger 
in absolute value than those for men. In contrast, some recent studies appear to 
show that the compensated and uncompensated wage elasticities of women 
workers are little different from those of men; indeed, in this work, the female 
uncompensated elasticity is often estimated to be negative. 

4.1. Empirical work on female labor supply: Methodological issues 

As documented in Section 2, many women work supply positive hours to the 
marke t -bu t  many women do not. This simple fact has a number of very 
important implications for empirical work. First, in specifying the labor supply 
function, one must recognize that the labor supply of many women (those whose 
offered wage is well below the reservation level) will be completely insensitive to 
small changes in market wage rates, exogenous income or for that matter 
anything else. Many "first-generation" empirical studies of female labor supply 
conducted through the mid-1970s ignored this consideration because they specified 
the labor supply function as little different from other regression functions, e.g. 

H = w a +  Xb+ R c + e ,  (96) 

where H is hours of work per period, w is the real wage, R is real exogenous 
income, X is a vector of other (e.g. demographic) variables and e is a random 
error term. The difficulty in using such a relation to analyze the labor supply of 
all women is that, at best, (96) or functions like it refer only to working women 



180 M. R. Killingsworth and J. J. Heckman 

rather than to the entire female population. Derivatives of H with respect to any 
variable are equal to the relevant parameter (a, b or c) only when the real offered 
or market wage rate w exceeds the real reservation wage w*. In contrast, when 
w < w*, all such derivatives are zero for (small) changes in all relevant variables. 
The same point is relevant to family labor supply models, in which any given 
family member's labor supply is (in general) a function of that family member's 
wage, the wages of all other family members and exogenous income: for example, 
the husband's (wife's) labor supply will be affected by small changes in the wife's 
(husband's) offered wage only if the wife (husband) is working. 

A second problem arising from the usually-substantial extent of nonparticipa- 
tion among women is that, in general, the market wages of nonworking women 
are not observed. Thus, even if (96) correctly specified the labor supply function, 
it could not be estimated using data on the entire female population, because 
measures of one of the relevant variables are usually not available for the entire 
population. 

It might seem (and to many first generation researchers did in fact seem) that 
the easiest way to avoid both these p rob lems-of  specification and 
measurement-is to fit labor supply functions such as (96) to data on working 
women only. This avoids the specification problem because, among working 
women, changes in the relevant independent variables X will of course generally 
induce nonzero changes in labor supply; and it avoids the measurement problem 
because working women's wages are generally observed. Unfortunately, this 
attempted solution arises an econometric problem, variously known as "sample 
selection" or "selectivity" bias: if working women are not representative of a// 
women, then using least squares regression methods to fit (96) to data restricted 
to working women may lead to bias in the estimated parameters b. Indeed, it may 
even lead to biased estimates of the structural parameters relevant to the behavior 
of working women! 

To see why, consider the following simple argument [for further discussion, see 
Pencavel, Chapter 1 in this Handbook, or Killingsworth (1983, ch. 4)]. Working 
women have w > w*. Thus, among all women who are capable of earning the 
same real market wage w, working women have relatively low reservation wages 
w*. Similarly, among all women with the same reservation wage w*, working 
women must have relatively high market wages w. Thus, on both counts-low 
reservation wages and high market wages-working women are likely to be 
unrepresentative of the entire female population. Least squares estimates of (96) 
derived from data restricted to working women may therefore suffer from bias. 
Indeed, they may even fail to provide unbiased measures of the behavioral 
responses of working women themselves. 

The essential reason for this is that, unless wage rates and reservation wages 
depend only on observable variables and not on any unobservable factors, the 
labor supply error term e of working women may not be independent of their 
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observed variables w, R and X. For example, consider the role of exogenous 
income, R. R is a determinant of hours of work H by (96), and is also a 
determinant  of the reservation wage, w*. To be concrete, let the reservation wage 
be a function of R, other observed variables Z and unobservables ("tastes for 
leisure") u, with 

w* = Z k  + Rg + u. (97) 

Among  working women, w > w*, or, equivalently, 

u < - [ w - ( Z k + R g ) l .  (98) 

Thus, "other  things" (the observed variables w, Z and R)  being equal, working 
women have relatively low values of u. Moreover, if the labor supply error term e 
and the reservation wage error term u are correlated 29 then, in general, e will be 
correlated with R within the group of working women even if it is uncorrelated 
with R in the female population as a whole. Why? If leisure is a normal  good, c < 0 
and g > 0 (that is, greater exogenous income reduces labor supply and raises the 
reservation wage, ceteris paribus). Thus, by (98), women who have a high value of 
R but who nevertheless work will tend to have a relatively low value of u, "other 
things" (w and Z )  being equal: in other words, women who work even though 
they receive large amounts of exogenous income must have a relatively low taste 
for leisure, ceteris paribus. If u and e are negatively correlated, as seems likely to 
be the case (see footnote 20), then e and R will be positively correlated among 
working women even if no such correlation exists in the female population as a 
whole. In this case, using conventional least squares regression to fit (96) to data 
on working women will yield a biased estimate of the exogenous income 
parameter  c due to the correlation between e and R. 

Several further remarks are in order at this point. First, similar arguments 
establish that the coefficient on any variable in X in (96) fitted to data on 
working women will be biased if it also appears in the vector Z in the reservation 
wage function (97). Second, if the observed wage rate w depends on unobserv- 
ables v as well as observed characteristics (e.g. schooling) and if the wage 
unobservables v are correlated with the labor supply and reservation wage 
unobservables e and u, then the same reasoning establishes that the coefficient on 
w in (96) will also be biased when (96) is derived from data on working women. 
Finally, a straightforward extension of these arguments will demonstrate that a 
similar potential  for bias can arise in analyses of family labor supply, e.g. when 
one estimates labor supply functions for wives using data restricted to wives 
whose husbands are employed. 

29For example, a measure of "motivation" or "will to work" is unlikely to be available in any 
dataset, and may be determinant of both labor supply and the wage rate. 
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In general terms, the solution to these interrelated problems of specification, 
measurement and econometric technique is to estimate not only "the" labor 
supply function [that is, the structural relation determining hours of work, such 
as (96)] but also other behavioral functions relevant to work effort [e.g. the 
discrete choice of whether to supply any work at all, as given by a participation 
criterion such as (97)]. This approach has characterized so-called "second-genera- 
tion" research on labor supply undertaken since the mid-1970s. Such estimation 
can take explicit account of the manner in which available data were generated 
(e.g." the fact that wages are observed only for workers) and of the fact that 
nonworkers' labor supply is insensitive to small changes in wages, exogenous 
income o r  other variables. ThtJs, measurement problems can be minimized, 
specification questions are addressed directly and the econometric bias problem 
can be avoided. 

A variety of second-generation strategies for proceeding in this fashion have 
been developed in recent years. In lieu of a full description of all of them-which 
is well beyond the scope of this chapter, and which may be found elsewhere [see, 
for example, Killingsworth (1983, esp. ch. 3), Heckman and MaCurdy (1985), 
Wales and Woodland (1980)]- consider the following procedure due to Heckman 
(1976a, 1979) by way of example. Let the real wage w that an individual earns 
(or is capable of earning) be given by 

w = Yh + v. (99) 

An individual works if w > w* and is a nonworker otherwise. Thus, by (97) and 
(99), 

v -  u > - ( Y h -  Z k -  Rg )  ~ H >  O, (100a) 

v - u < - ( Y h  - Z k  - Rg)  ~ H =  O, (100b) 

which are reduced-form expressions for the conditions under which an individual 
will or will not work, respectively. Likewise, by (96) and (99), the reduced-form 
function for the hours of work of women who work is 

H = Yah + Xb + Rc + [av + e], (101) 

where the term in square brackets is a composite error term. 
Now consider the estimation of (101) using data restricted to working women. 

The regression:~function'~corresponding to (101) is 

E ( H I Y ,  x , g , Z , v -  u >  - ( Y h -  Z k -  g g ) }  

= Yah + Xb + Rc + E([av + e]] Y, X,  R ,  Z ,  v - u > - ( Y h  - Z k  - R g ) )  

= Y a h + X b + R c + E ( [ a v + e ] ] v - u >  - ( Y h - Z k - R g ) ) ,  (102a) 
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where the third line follows from the second because v and e are assumed to be 
independent of Y, X, R and Z. The last term on the fight-hand side of this 
equality is the expectation of the composite error term av  + e c o n d i t i o n a l  on  

positive hours of work (i.e. the mean of av  + e for someone with characteristics 
Y, Z and R who works). Its value depends on the variables Y, Z and R, the 
structural parameters h, k and g, and the parameters of the joint distribution of 
the random variables av  + e and (v - u). Likewise, the regression function for the 
wages of workers is 

E{w I Y , v - u > - ( Y h - Z k - R g ) }  = Y h + E { v l v - u > - ( Y h - Z k - R g ) } ,  

(102b) 

where the last term on the right-hand side of (103) is the conditional expectation 
of v, i.e. the mean value of v among workers. 

To proceed further, researchers have typically assumed that the random 
variables v, e and u are jointly normally distributed (although other distribu- 
tional assumptions and even nonparametric techniques could be used instead). In 
this case, it turns out [see, for example, Heckman (1979)] that the conditional 
mean of a v  + e in (102a) and the conditional mean of v in (102b) can be written 
in a relatively simple fashion, i.e. 

E{[ a v  + e l l v  - u > - ( Y h  - Z k  - R g )  } = [012 /02°25  ] X ,  

E{ v l v  - u > - ( Y h  - Z k  - R g  ) } = [%2/0°2 5 ] X, 

(103) 

(104) 

X =  where oa2 = cov[av + e, v - u], %2 = COV[U, /) - -  /all, 022 = var[v -- u], 
f [ -  I / o ° 2 5 ] /  {1 --  F [ -  I / o ° 2 s ] }  and I = ( Y h  - Z k  - R g ) .  The important thing to 
note about (103) and (104) is that they express the conditional means of av  + e 

and of v in terms of observed variables and estimable parameters, thereby 
permitting estimation. 

In the approach developed by Heckman (1976b, 1979), estimation proceeds in 
three steps. In the first, one estimates the parameters governing the decision to 
work or not to work, as given by eqs. (100), using probit analysis, i.e. by 
maximizing the probit likelihood function 

1=  [ I F [ -  I/o°2511- a { 1 -  F [ -  I /o°2']  } d, (lO5) 

where d is a dummy variable equal to one if an individual works, and zero 
otherwise. This provides estimates of the parameter ratios h/°°5/22, k / o ° 2 i  5 and 
g / o ° i  5 which can be used to compute (estimates of) the X for each working 
individual [recall the definition of X in (103)-(104)]. Armed with these measures 
of working individuals' X values, one can then estimate the reduced form hours 
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and wage equations by using data for working individuals to fit the following 
functions by, for example, least squares: 

H =  Yah + Xb+ Rc+ hm + y, 

w =  Yh + )tn + z, 

(106) 

(107) 

where y and z are random error terms that are uncorrelated with the right-hand 
side variables in (106)-(107) by (103)-(104), and where, by (103)-(104), esti- 
mates of the parameters m and n are estimates of the ratios o12/o°z 5 and 
o / o  °5 respectively. v 2 /  22  , 

We conclude this abbreviated methodological discussion with one further 
observation. It should already be clear that the error term plays a much more 
important role, and has been the focus of much more attention, in second- than 
in first-generation labor supply research. What may not immediately be clear is 
that, in general, three kinds of "error terms" (unobservables, measurement errors, 
etc.) may be relevant to labor supply: one kind has to do with the utility function 
(or other utility-related function such as the indifference curve, the marginal rate 
of substitution, etc.); another refers to the budget constraint; the third has to do 
with the optimum point (e.g. indifference curve-budget line tangency) itself. We 
refer to these as preference errors, budget constraint errors, and optimization 
errors, respectively. 

Optimization errors (and errors in the measurement of hours of work) refer to 
discrepancies between optimal and actual (or between actual and measured) 
hours of work. Such discrepancies arise when, for example, individuals are unable 
to work as many hours as they desire due to unemployment, bad weather or other 
similar phenomena; or when data on hours of work do not accurately reflect the 
hours (optimal or not) that individuals are actually working. Preference errors 
refer to unobservable differences in utility (or utility-related) functions across 
individuals: for example, Burtless and Hausman (1978) and Hausman (1981) 
adopt a random-parameter utility function model in which the elasticity of hours 
of work with respect to exogenous income varies randomly across the population; 
and Heckman (1976b) assumes that the marginal rate of substitution is affected 
by unobservables as well as unobservables, as in (97). Finally, budget constraint 
errors refer to unobservable differences in budget constraints across individuals. 
For example, ~gst  recent work treats the wage as a function of unobserved as 
well as observed characteristics, as in (99); likewise, observationally identical 
individuals (with the same observed pretax wage rate, exogenous income, etc.) 
may not face the same marginal tax rate, meaning that their after-tax budget 
constraints differ due to unobservable factors (e.g. differences in consumption 
patterns that lead to different deductions, marginal tax rates, etc.). 
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We now turn to estimates of female labor supply elasticities obtained in recent 
empirical analyses. We focus on the compensated (utility-constant) and uncom- 
pensated ("gross") elasticity of hours of work with respect to the wage rate and 
on the so-called "total-income" elasticity of annual hours (i.e. the difference 
between the uncompensated and compensated wage-elasticities of hours). 3° De- 
tails concerning the samples and variables used in these studies are summarized 
in Table 2.25; the results of the studies are set out in Table 2.26. All in all, most 
of the estimates suggest that female labor supply elasticities are large both in 
absolute terms and relative to male elasticities (on which see Pencavel, Chapter 1 
in this Handbook). However, the range of estimates of the uncompensated wage 
elasticity of annual hours is dauntingly large: Dooley (1982), Nakamura and 
Nakamura (1981), and Nakamura, Nakamura and Cullen (1979) all report 
estimates of -0.30 or less, whereas Dooley (1982) and Heckman (1980) obtain 
estimates in excess of + 14.00! Since most estimates of the uncompensated wage 
elasticity are positive and estimates of the total-income elasticity are almost 
always negative, it is not surprising that the compensated wage elasticities 
implied by the studies shown in Table 2.26 are generally positive; but even here it 
is the variability, rather than uniformity, of the estimates that is noteworthy. It is 
not uncommon for authors of empirical papers on female labor supply to point 
to results in other studies similar to the ones they have obtained but, as Table 
2.26 suggests, such comparisons may not always be informative: it is all too easy 
to find at least one other set of results similar to almost any set of estimates one 
may have obtained! 

The main exception to these generalizations concerns the results of studies of 
U.S. and Canadian data by Nakamura and Nakamura (1981), Nakamura, 
Nakamura and CuUen (1979), and Robinson and Tomes (1985). 31 Here, the 
uncompensated elasticity of labor supply with respect to wages is negative (so 

3°This discussion omits two kinds of studies: those based on the negative income tax (NIT) 
experiments, and those based on dynamic models of labor supply of the kind discussed in Section 3.2. 
One problem with studies based on the NIT experiments is that, as has recently been noted 
[Greenberg, Moffitt and Friedmann (1981), Greenberg and Halsey (1983)], participants in the 
experiments may have misreported their earnings and work effort (to an even greater extent than the 
"controls" who were not receiving experimental NIT payments). For discussions of studies based on 
the NIT experiments, see Killingsworth (1983, ch. 6), Moliitt and Kehrer (1981, 1983) and Robins 
(1984). There have been relatively few empirical studies based on formal dynamic labor models [see 
Altonji (1986), Blundell and Walker (1983), Heckman and MaCurdy (1980, 1982), Moffitt (1984b) 
and Smith (1977a, 1977b, 1977c, 1980)]; all but one [Moffitt (1984b)] treat the wage as exogenous 
(in the behavioral sense), and have produced somewhat mixed results. For a brief review, see 
Killingsworth (1983, ch. 5). 

31See also Nakamura and Nakamura (1985a, 1985b), which differ from most other studies of female 
labor supply in that these analyses condition on labor supply in the year prior to the one being 
considered. 
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Tab le  2.25 
S u m m a r y  of  samples  and var iables  used in selected studies of  female  labor  supply. 

Study Characteristics of sample Construction of measures of H, W, R 

Arrufat and 
Zabalza (1986) 

Ashworth and 
Ulph (1981) 

Blundell and 
Walker (1982) 

Cogan (1980a) 

Cogan(1980b) 

Cogan (1981) 

Dooley (1982) 

Franz and 
Kawasaki (1981) 

Franz(1981) 

Hanoch (1980) 

Wives age < 60, neither unemployed nor self-employed, H = hours of work per week 
with working husbands < 65 who were not W = hourly earnings, predicted from selection 
self-employed- GHS bias-corrected regression 

R ~ husband's earnings + rent + dividends + 
interest + imputed rent (owner-occupiers) 

- mortgage interest + rent + property tax 
rebates (after taxes calculated at zero 
hours of work for wife) 

Wives of husbands working >_ 8 hours/week at salaried H = hours of work per week 
job, no other family members working; women with second W = marginal net wage (wage at first job, 
job excluded if either (i) gross wage at second job > 
overtime rate on first job or (ii) did not want to work 
more overtime on first job than actually worked-  BMRBS 

Working wives with working husbands, husband a manual 
worker, total weekly expenditures between £35 and £55 
- FES 

White wives age 30-44-  NLS 

White wives not in school, disabled or retired, self and 
spouse not self-employed or farmer-  PSID 

White wives age 30-44, self and spouse not self-employed 
or farmer-  NLS 

Wives age 30-54-  USC 

Wives-  M 

Same as Franz and Kawasaki (1981) 

White wives, husband a wage earner and nonfaxmer- SEO 

if constrained at first job; or lower of 
the wages on two jobs, otherwise), 
inclusive of overtime premium (if any) 
(linearized) 

R = net family income excluding own earnings 
(linearized) 

H = hours of work per week 
W = earnings/H (linearized) 
R = unearned income (linearized) 

H = annual hours of work 
W = hourly wage 
R = husband's annual income 

H = annual hours of work 
W = hourly wage 
R = husband's earnings 

H = usual weekly hours × weeks worked 
in prior year 

W = earnings in prior year/hours worked 
in prior year 

R = husband's earnings 

H = hours worked in survey week x weeks 
worked in prior year 

W = earnings in prior y e a r / H  
R = othcr income exclusive of earnings of 

family members, self-employment income, 
Social Security, and public assistance 
benefits (separate variables included for 
husband's predicted income and actual 
predicted husband's income) 

ft = hours worked in survey week 
W = hourly wage 
R = income of husband 

Same as Franz and Kawasaki (1981) 

H = hours worked in survey week x weeks 
worked in prior year 

W = earnings in survey week/hours worked 
in survey week 

R = husband's earnings + property income + 
transfer payments + other regular non- 
wage income 
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T a b l e  2.25 c o n t i n u e d  
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Study Character is t ics  of sample Construct ion of measures  of ft, W, R 

H a u s m a n  (1980) Black female household heads in G a r y  Income Maintenance  ft  = 1 if worked dur ing  middle two years 
Exper iment ,  observed dur ing  experiment  (households of exper iment ,  = 0 otherwise 
with preexper iment  income > 2.4 t imes poverty line were W = hourly wage 
excluded f rom exper iment)  R = nonlabor  income 

Wives  of  husbands  age 25-55  and not self-employed, H = annual  hours  worked 
fa rmers  or  d i s a b l e d -  P S I D  W = hourly wage 

R = imputed  return to financial assets 

Same as H a u s m a n  (1981) 

H a u s m a n  (1981) 

H a u s m a n  and  
R u u d  (1984) 

H e c k m a n  
(1976a) 

H e c k m a n  (1980) 

K o o r e m a n  and 
K a p t e y n  (1984b) 

Same as H a u s m a n  (1981) 

Whi te  wives age 3 0 - 4 4 - N L S  

Whi te  wives age 30-44,  husband not a f a r m e r -  N L S  

Households  in which both  husband and wife are employed 
wage e a r n e r s -  T U S  

Layard ,  Barton Wives  age _< 60, not  self-employed - G H S  
and  Zabalza  hours  
(1980) 

Mroz  (1985) White  wives age 30-60  in 1 9 7 5 - P S I D  

Moff i t t  (1984a) W i v e s -  N L S  

N a k a m u r a ,  
N a k a m u r a  and  
Cullen (1979) 

Wives  with no nonrelatives in household CC 

N a k a m u r a  and  W i v e s -  CC, USC 
N a k a m u r a  (1981) 

R a n s o m  (1982) 

R e n a u d  and 
Siegers (1984) 

Wives  of husbands  age 30-50  (neither spouse self-employed 
or  working piecework) - P S I D  

Wives  age < 65 with husbands  age < 65 and holding paid 
job  - A V O  

H = weeks worked  × average hours worked 
per  week 

W = usual wage 
R = assets 

H ~ annual  e a r n i n g s / W  
W = usual  hourly wage  
R = assets 

H = hours  of work  per  week 
W ~ net  wage per  hour  
R = " u n e a r n e d  i nc ome"  per  week 

II - annual  weeks worked  × usual weekly 
W = predicted value of  annual  e a r n i n g s / H ,  

derived f rom O L S  wage  regression 
(linearized) 

R = net  annual  unearned  income, including 
imputed  rent, interest  and dividends 
(husband 's  W, der ived as for wife 's  W, 
included as separate  variable) (linearized) 

H = weeks worked  in 1975 x usual hours  of 
work per week 

W -  total earnings  in 1 9 7 5 / H  
R =househo ld  income wife 's  earnings  

H = hours worked last week 
W = hourly wage rate 
R - 0.05 x assets 

H = hours worked in survey week x weeks 
worked in pr ior  year  

W = annual  e a r n i n g s / H  
R = husband 's  earn ings  + asset income 

H = hours  worked in survey week x weeks 
worked in pr ior  year  

14" = annual  e a r n i n g s / H  (linearized) 
R = husband 's  earnings  + asset income - taxes 

payable at zero hours of wife's work 

H = hours of work per  week 
W = predicted wage,  derived f rom selection 

bias-corrected wage regression 
(linearized) 

R - income other  than earnings (linearized) 

H = hours  of  work  per  week 
W = predicted net  hourly wage rate derived 

f rom selection bias-corrected regression 
R = net  weekly income 
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Tab le  2.25 c o n t i n u e d  

Study Characteristics of sample Construction of measures of It, W, R 

Robinson and 
Tomes (1985) 

Ruffell (1981) 

Schulm(1980) 

Smith and 
Stelcner (1985) 

Stelcner and 
Breslaw (1985) 

Stelcner and 
Smith (1985) 

Trnssell and 
Abowd (1980) 

Yatchew (1985) 

Zabalza (1983) 

Single and married women reporting earnings on a 
per-hour basis ("hourly wage sample") or saying they 
were paid per hour ("hourly paid sample") - QLS 

Wives working >_ 8 hours per week, no other working family 
members except h u s b a n d -  BMRBS 

Wives, husband not full-time student or in 
armed forces-  SEO 

Wives age 20-54, not self-employed or family w o r k e r - C C  

Wives age 20-54, Quebec residents, nonfarm, not new 
immigrant or full-time student or unpaid family worker 
or self-employed or permanently disabled - MDF 

Same as Smith and Stelcner (1985) 

Wives age 25-45 who between age 12 and 30 delivered at 
least one child NSFG 

Same as Hausman's  (1981) data for wives 

Wives age < 60, not self-employed, with working husband 
age < 65 and not self-employed GHS 

H = hours of work per week 
W = earnings per hour 
R = annual income of husband 

H = hours of work per week 
W = hourly wage, inclusive of overtime (if 

any) (linearized) 
R = nonemployment income + other family 

members' earnings (linearized) 

H = hours worked last week x weeks worked 
last year 

W = last week's earnings/ last  week's hours of 
work (adjusted for regional cost of living 
differences) (linearized) 

R = nonemployment income (linearized) 

H = hours in survey week x weeks worked 
last year 

W = earnings last year /H (linearized) 
R = net nonlabor income + husband's  

earnings (linearized) 

H = weeks worked in 1979 
W = earnings last y e a r / H  (linearized) 
R = other family income (linearized) 

Same as Smith and Stelcner (1985) 

H = annual hours of work 
W = hourly wage 
R = other family income 

Same as Hausman (1981) 

H = hours worked in survey week (in 
intervals according to value of marginal 

W = tax rate hourly earnings, net of taxes 
R = husband's earnings + unearned income 

Notes: 
AVO 
BMRBS 
CC 
FES 
G H S  
M 
M D F  
NLS 
NSFG 
PS1D 
QLS 
SEO 
TUS 
USC 

= Aam,ullend Voorzieningsgebruik Onderzoek 1979, Social and Cultural Planning Bureau, the Netherlands. 
British Market Research Bureau survey, United Kingdom. 

= Census of Canada,  Statistics Canada. 
= Family Expenditure Survey, Office of Population Censuses and Surveys, United Kingdom. 
- General  Household Survey, Office of Population Censuses and Surveys, United Kingdom. 
= Microcensus, Statistiches Bundesamt, Federal Republic of Germany. 
= 1979 Micro Data File, Census Families Survey of Consumer Finances, Statistics Canada. 
= National Longitudinal Survey, Center for Human Resource Research, Ohio State University. 
= National Survey of Family Growth, National Center for Health Statistics. 
= Panel Study of Income Dynamics, Survey Research Center, University of Michigan. 
= Quality of Life Survey, Institute for Behavioural Research~ York University, Canada. 
- Survey of Economic Opportunity, U.S. Office of Economic Opportunity. 
= Time Use Su~ey,  Survey Research Center, University of Michigan, 
= U.S. Census, B~areau of the'Census, U.S. Department of Commerce. 

"Linear ized"  indicates that budget line i~ linearized at equilibrium hours of work and equilibrium marginal tax rate: 
linearized wage rate denotes wage rate X (1 equilibrium marginal tax rate); linearized R = height of budget line when budget 
line is projected from equilibrium hours of work back to zero hours of work using linearized wage rate. 
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Table  2.26 
S u m m a r y  of  l abor  supply es t imates  for w o m e n  impl ied by results of selected studies of female  

labor  supply.  

Wage elasticity Total-income 

Study Sample, procedure used Uncompensated Compensated elasticity 

Data for-United States 

Heckman (1976b) White wives age 30-44: 
Procedure IV 1.46 1.48 - 0.02 
Procedure VI 4.31 4.35 0.04 

Cogan (1980a) White wives age 30-44: 
Procedure II 1.14 1.17 - 0.03 
Procedure III 3.50 3.60 - 0.10 
Procedure VI 2.83 2.91 - 0.09 

Schultz (1980) White wives age 35-44 (lbc): 
Procedure I 0.16 0.21 0.05 
Procedure II 0.13 0.19 - 0.05 
Procedure III  0.65 0.83 0.18 

Black wives age 35-44 (lbc): 
Procedure I 0.60 0.34 0.26 
Procedure II 0.42 0.41 0.01 
Procedure III 1.04 0.56 0.48 

Trussell and White wives age 25-45 (Procedure VI) 4.50 n.a. -0 .41"  
Abowd (1980) Black wives age 25-45 (Procedure VI) 2.93 n.a. ~ 0* 
Heckman (1980) White wives age 30-44: 

Procedure IV 2.26 2.26 = 0 
Procedure Vll 1,47 1.47 = 0 
Procedure IV(a) 14.79 14.79 = 0 
Procedure VII(a) 6,62 6.62 = 0 
Procedure V(a) 4.47 4.47 = 0 

Hanoch (1980) White wives age 30-44 (fc): 
weeks worked < 52 

(no "comer"  in weeks worked) 0.64 0.81 0.17 
weeks worked = 52 

(with "comer"  in weeks worked) 0.42 0.54 0.13 
Cogan (1980b) White wives age 30-44: 

Procedure VI 2.45 2.64 0.19 
fixed costs of labor market entry model: 

OLS 0.89 0.93 0.04 
conditional ML 1.14 1.19 - 0,05 

Cogan (1981) White wives age 30 44: 
Procedure VI 2,10 2.18 0.08 
fixed costs of labor market entry 

(conditional ML) 0.65 0.68 - 0.03 
Nakamura and Wives- Procedure VIII (Ibc): 
Nakamura (1981) age 30-34 0.27 0.11 0.36 

age 35-39 - 0,31 0.12 0.19 
age 40-44 - 0.09 0.18 0.27 

Dooley (1982) Wives- Procedure VII: 
Whites: age 30-34 3.66 4.14 - 0.48 

age 35-39 15.24 15.35 -0.11 
age 40-44 4.28 4.73 - 0.45 

Blacks: age 30-34 0.67 1.01 -0 .35 
age 35-39 - 0.34 0.17 - 0.17 
age 40-44 -0 .89  - 1.06 0.18 

Ransom (1982) Wives, husband age 30-50-  ML, 
lbc (quadratic family duf) 0.40 0.46 - 0.05 

to 0.42 to 0.50 to - 0.09 



190 M. R. KiUingsworth and J. J. Heckman 

T a b l e  2.26 c o n t i n u e d  

Study Sample, procedure used 

Wage elasticity Total-income 

Uncompensated Compensated elasticity 

Hausman  (1980) Black household heads -  ML, fc, 
cbc (ep, eh) (linear lsf) 0.05 0.16 0.11 

Hausman  (1981) ML, fc, cbc (ep, eh) (linear lsf): 
wives 0.91 n.a. n.a. 

to 1.00 
female household heads 0.46 0.58 - 0.12 

to 0.53 to 0.77 to - 0 . 2 4  
Moflitt 11984) ML, cbc (eh) (linear lsf): 

linear budget constraint 0.78 n.a. 0.04* 
wage rate a quadratic function 

of hours worked: 
response to change in wage 
at sample means 0.43 n.a. - 0.28* 
response to upward shift in 
entire budget constraint 0.21 n.a. 0.18* 

Hausman  and ML, cbe (eh) (iuf yielding lsf's 
Ruud  (1984) quadratic in wages) 0.76 n.a. - 0.36" 
Koorernan and first-stage ML for leisure times 
Kapteyn  (1984b) of husband and wife (eh), 

second-stage selection bias-corrected 
WLS regression of 
household ds (translog iuf) 0.27*** 0.31"** 0.00"*** 

Yatchew 11985) Wives-  ML, cbc (ep) (translog iuf) 0.47 n.a. 0.89* 

Data for Great Britain 

Layard,  Barton Wives age _< 60: 
and Zabalza (1980) No allowance for taxes: 

Procedure I (evaluated at overall means) 0.43 0.49 0.06 
Procedure II (evaluated at 
workers' means) 0.08 0.09 0.02 
Procedure III evaluated at 
overall means 0.78 0.97 - 0.19 
Procedure IIl evaluated at 
workers' means 0.44 0.63 - 0.19 

kbc (eh, eb): Procedure I1 
(evaluated at worker's means) 0.06 0.06 0.10 

Blundell and Wives-  ML, lbc (family ds using Gpf, 
Walker (1982) corrected for selection bias in 

requiring wife's H > 0): 
Husband's  tt unrationed: No children 0.43 0.65 0.22 

One child 0.10 0.32 0.22 
Two children 0.19 0.03 0.22 

Husband's  H rationed: No children 0.64 0.83 0.19 
One child 0.09 0.28 - 0.19 
Two children 0.30 -0 .11  ~0.19 

Zabalza 11983) Wives-  ML (ordered probit analysis), 
cbc (ep) (CES duf) 1.59 1.82 0.23 

Arrufat  and Wives ML (modified ordered 
Zabalza  (1986) ~ , probit analysis), cbc (ep, 

~ :  eh) (CES~duf) 2.03 
Ashworth and Wives, husba~fid < 65: 
Ulph (1981a) O L S -  lbc (quadratic lsf) - 0.09 

t o -0 .21  
ML- lbc :  CES iuf /).19 

restricted generalized CES 0.57 
iuf generalized CES iuf 0.32 

n.a. 0.21" 

0.04 
to 0 .23  

0.29 
0.81 
0.55 

0.02 
to 0.05 

0,48 
0.24 

-0 .23  
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Table  2.26 cont inued  
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Study Sample, procedure used 
Wage elasticity Total-income 

Uncompensated Compensated elasticity 

Ruffell (1981) 

Nakamura, 
Nakamura and 
Cullen (1979) 

Nakamura and 
Nakamura (1981) 

Robinson and 
Tomes (1985) 

Smith and 
Stelcner (1985) 

Stelcner and 
Smith (1985) 

Stelcner and 
Breslaw (1985) 

Franz and 
Kawasaki (1981) 
Franz ( 1981 ) 

Renaud and 
Siegers (1984) 

Wives, husband < 65 (quadratic lsf): 
OLS-  lbc - 0.00 0.04 - 0.04 
M L -  cbc (eh) 0.43 0.51 - 0.08 
M D -  cbc (eh, eb) 0.72 0.77 - 0.05 

Data for Canada 

Wives-  Procedure VII: 
age 30-34 0.17 0.00 - 0.17 
age 35-39 - 0.20 - 0.16 - 0.04 
age 40-44 0.05 0.14 -0 .19 

Wives-  Procedure VIII (lbc): 
age 30 34 -0 .27  0.23 -0 .50  
age 35 39 -0 .17  -0 .12 0.05 
age 40-44 - 0.05 0.14 0.19 

Unmarried and married women: 
"hourly wage" sample: 
Procedure II (actual wage used in lsf) 0~22 - 0.22 ~ 0 
Procedure II (instrument used 

for wage in lsf) 0.85 -0 .85 = 0 
Procedure II (actual wage used in lsf; 

selection biased-correction term, 
derived from probit analysis, included) 0.23 - 0.23 = 0 

Unmarried and married women: 
"hourly paid" sample: 
Procedure II (actual wage used in lsf) 0.19 - 0.19 = 0 
Procedure II (instrument used for 
wage in lsf) 0.44 - 0.44 - 0 
Procedure 1I (actual wage used in lsf; 
selection bias-correction term, derived 
from probit analysis, included) 0.20 -0 .20  = 0 

Wives: Procedure VII (lbc): 
age 20-54 0.08 0.21 0.13 
age 20-34 0.21 0.41 0.20 
age 35-54 0.04 0.06 - 0.09 

Wives: ML (probit analysis), ep (CES duff: 
age 20-54 0.03 0.04 0.01 
age 20-34 0.02 0.05 0.03 
age 35-54 0.02 0.02 0.00 

Wives in Quebec: Procedure VIII (lbc): 
OLS with selection bias correction 

(no "tax illusion") 0.40 l).49 0.09 
GLS with selection bias correction 

(no "tax illusion") 0.97 1.17 0.20 
OLS with selection bias correction 

and "tax illusion" 0.40 0.49 0.09 
GLS with selection bias correction 

and '" tax illusion" 1.28 1.52 0.24 

Data for Federal Republic of Germany 

Wives- Procedure VII 1.08 1.28 0.20 

Wives modified Procedure VII 1.37 1.66 0.29 

Data for the Netherlands 

Wives Procedure III 1.79 1.83 - 0.04 
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Table  2.26 cont inued  

Notes: 
a =instrumental variable used for wife's work experience to allow for potential cndogencity of this 

variable. 
* = elasticity of hours of work with respect to exogenous income ( R ). 

** = elasticity of leisure with respect to wage rate (uncompensated). 
*** = elasticity of leisure with respect to wage rate (compensated). 

**** = elasticity of leisure with respect to exogenous income (R). 

All elasticities are evaluated at sample means (reported by author(s)) of entire population of women, or 
are as reported (if available) directly by author(s), n.a. = not available (not enough information available to 
permit computation of elasticity). Total-income elasticity is defined as W(d H/d R), equal to the difference 
between uncompensated and compensated elasticity of labor supply with respect to own wage rate. All 
calculations use structural labor supply parameters and therefore refer to labor supply response of a given 
individual (as opposed to, e.g., calculations using expected value of labor supply such as the Tobit 
expected-value locus). 

Estimation technique: Basis of specification: 
OLS = ordinary least squares 
GLS = generalized least squares 
WLS = weighted least squares 
ML = maximum likelihood 
MD = minimum distance 

Treatment of taxes: 
lbc = linearized budget constraint 
cbc = complete budget constraint 

Error structure in cbc models: 

Gpf=  Gorman polar form of expenditure function 
duf = direct utility function 
iuf = indirect utility function 
ds = demand system 
lsf = labor supply function 
fc = allowance for fixed costs of labor market entry 

ep =variation (error term) in preferences (e.g. utility function or marginal rate of substitution function) 
eh = variation (errors of optimization and/or  measurement) in hours of work 
eb - e r ro r s  of measurement of budget constraint (e.g. wage rate or marginal tax rate) 

Estimation procedure: 
I = Obtain predicted wage for all individuals from OLS estimates of wage equation using data on 

workers only; use predicted wage in OLS estimation of labor supply schedule with data on all 
individuals (nonworkers" labor supply set at zero). 

II = Obtain predicted wage for workers from OLS estimatc~ of wage equation using data on workers 
only; use predicted wage in OLS estimation of labor supply ~,chedule with data on workers only. 

IlI - Obtain predicted wage for all individuals from OLS estimates of wage equation using data on 
workers only: use predicted wage in Tobit estimation of labor supply schedule with data on all 
individuals. 

IV = Estimate wage equation by OLS using dat;~ for workers onl,,: estimate reduced form labor supply 
equation using data on all individuals (with nonworkers' II set at zero): identify structural labor 
supply equation using reduced form estimates and estimates of wage equation. 

V = Estimate reduced form labor supply equation by Tobit: use Tobit estimates to compute a 
selection bias correction variable (inverse of Mills' ratio): include selection bias correction 
variable in estimation of wage equation by OLS (or (iLS, etc.); identify structural labor supply 
equation using reduced form estimates and estimates of wage equation. 

VI = ME estimation of joint determination of wages and hours of work (extension of Tobit to 
simultaneous equation system). 

VII = "H eck i t "  for exactly-identified labor supply function: estimate reduced form equation for labor 
force participation by probit; use probit coefficients to compute a selection bias correction 
variable (inverse of Mills' ratio); include selection bias correction variable in estimation of wage 
and  reduced form hours of work equations; identify structural labor supply equation using 
reduce~., form estimates and estimates of wage equation. 

VIII  = " H e c k i t "  for overide~tified labor supply function: estimate reduced form equation for labor force 
participation by probit; use probit coefficients to compute a selection bias correction variable 
(inverse of Mills' ratio); include selection bias correction variable in estimation of wage equation: 
use estimates of structural wage equation to compute a predicted wage for working individuals; 
include predicted wage in OLS (or GLS, etc.) estimation of structural labor supply equation. 
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much so that even the implied compensated elasticity is also negative in some 
instances). Similarly, Smith and Stelcner (1985) and Stelcner and Smith (1985) 
obtain uncompensated (and compensated) elasticities that, although positive, are 
very small in magnitude. 

It is tempting simply to dismiss such results as mere anomalies, particularly 
because the procedures used in these studies differ in some potentially important 
respects from those adopted in prior work. 32 The most useful evidence on female 
labor supply elasticities is likely to come from studies that conduct detailed 
sensitivity analyses, thereby highlighting the consequences of adopting different 
procedures for the same dataset. The one such analysis currently available is that 
of Mroz (1985), which offers some surprising a n d - t o  those 33 who heretofore 
thought that female labor supply elasticities were generally rather large-some- 
what unsettling results that make it hard to dismiss out of hand results such as 
those of Nakamura et al. 

Begin by considering the first line of Table 2.27, which summarizes results 
obtained by Heckman (1980) for data on white wives age 30-44 in the 1966 
National Longitudinal Survey (NLS). The uncompensated wage elasticities shown 
there are higher (sometimes appreciably so) than those obtained by other authors, 
but they are certainly consistent with the notion that the uncompensated wage 
elasticity of female labor supply is greater than 0.50 or even  1.00. 34 

The second and third lines of Table 2.27 present the results of Mroz's (1985) 
replication of the Heckman (1980) paper using the same variables and statistical 
procedures (and alternative definitions of annual hours of work) for a different 
dataset: white wives age 30-60 in the 1976 Panel Study of Income Dynamics 
(PSID). The elasticities are uniformly lower in Mroz's (1985) results than in 
Heckman's (1980), especially when work experience is treated as statistically 
endogenous. Adding new variables (number of children age 7 or older and wife's 
age) to the labor supply equation results in larger implied elasticities (again, 
especially when work experience is treated as statistically endogenous), as shown 

32For example, Robinson and Tomes (1985) include both single and married women in their 
analysis, whereas most other studies of female labor supply have considered married women 
separately; and the studies by Nakamura and Nakamura (1981) and Nakamura and Cullen (1979) do 
not include an education variable in the labor supply function, whereas many other studies have such 
a variable. Finally, in both the Robinson-Tomes and Nakamura et al. studies the labor supply 
function is overidentified (in the sense that more than one variable that does appear in the wage 
equation does not appear in the structural labor supply equation), whereas in most other work the 
labor supply function is exactly identified (in the sense that exactly one variable-usually, work 
experience-that does appear in the wage equation does not appear in the labor supply equation); 
hence Robinson-Tomes and Nakamura et al. use Procedure VIII, whereas much other work uses 
Procedure VII (see Table 2.26 for definition of these terms). 

33See, for example, Heckman, Killingsworth and MaCurdy (1981, esp. pp. 107-109) and 
Killingsworth (1983, esp. p. 432). 

34Recall the uncompensated elasticities shown in Table 2.26 that are implied by the results of other 
studies, e.g. 0.65 in Schultz (1980); 1.14 in Cogan (1980b); 0.65 in Cogan (1981); and 0.90-1.00 in 
Hausman (1981). 
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in the last  two lines of  Tab le  2.27. However ,  the s t anda rd  errors  of  the po in t  
es t imates  unde r ly ing  this third set of  elastici t ies are apprec iab ly  larger  than  those 
of  the  po in t  es t imates  der ived using the or iginal  H e c k m a n  variables.  Moreover ,  it  
is h a r d l y  reassur ing  to find that  (i) one can get to wi th in  hai l ing d i s tance  of the 
or ig ina l  H e c k m a n  (1980) results  only  by  depar t ing  f rom the or ig inal  H e c kma n  
(1980) speci f ica t ion  or  (ii) inclusion of the o lder  chi ldren and  age var iables  should 
have  such a p r o n o u n c e d  effect on the impl ied  labor  supply  elast ici ty.  35 

There  r ema ins  the poss ib i l i ty  that  the H e c k m a n  and Mroz  results  differ 
because  they  are  der ived f rom different  da t a  and  somewhat  different  popula t ions :  
l a b o r  supp ly  of  white wives age 30-60  in the 1976 PSID  (Mroz)  m a y  differ 
subs t an t i a l ly  f rom that  of  white  wives age 30 -44  in the 1966 N L S  (Heckman)  
because  of  l i fe-cycle  a n d / o r  cohor t  effects. However ,  at this po in t  it  would be 
mere  con jec tu re  to make  s ta tements  even abou t  the  existence of  such effects, 
much  less a b o u t  whether  their  magni tude  is sufficient to provide  an  exp lana t ion  
of  the  difference in results.  Fur the rmore ,  any such exp lana t ion  would  also have to 
accoun t  for  the  difference be tween Mroz ' s  results  (1985) and those  of  Cogan 
(1980b). C o g a n  (1980b) gets an impl ied  elast ic i ty  of  1.14 using condi t iona l  
m a x i m u m  l i k e l i h o o d - m u c h  higher  than  Mroz ' s  (1985) results  wi th  the original  
H e c k m a n  v a r i a b l e s - e v e n  though he, l ike Mroz  (1985), uses the 1976 PSID 
(a lbe i t  for essent ia l ly  all white  wives regardless  of age, versus Mroz ' s  smaller  
g roup  of  whi te  wives age 30-60) .  

The  ma in  con t r ibu t ion  of  Mroz ' s  (1985) s tudy is tha t  it p rovides  formal  tests of  
a var ie ty  of  p ropos i t ions  that  were not  subjected to serious scrut iny in previous  
work.  A m o n g  the most  impor t an t  of his f indings are  the fol lowing:  (i) there is 

35 One other consideration has to do with details about what wage equation parameter and what 
level of hours of work are used in calculation of the elasticities. In Table 2.27, we use 0.015 as "the" 
coefficient on the wife's experience variable in the wage equation, and use H = 1300, the approximate 
mean annual hours worked by working wives. However, one might argue that, in a given calculation, 
one should instead use (i) the coefficient on the experience variable in the wage equation that 
corresponds directly to the labor supply equation actually estimated and (ii) the population mean 
annual hours worked (by working and nonworking wives, with the latter's hours set equal to zero); 
indeed, most of the elasticities shown in Table 2.26 are in fact calculated in precisely this fashion [see 
especially the figures reported there for Heckman (1980)]. Changing either of these will in general 
change the implied elasticity. For example, the population mean value of H is about 740 in Mroz's 
(1985) data, and is 600 in the Heckman data [Heckman (1980, p. 244)]. Thus, other things being 
equal, using H = 600 or 740 rather than H = 1300 would increase the wage elasticity figures shown in 
Table 2.27 by a factor of between 1300/600 = 2.17 and 1300/740 = 1.75. That would certainly bring 
the Mroz replication results "with new variables added" closer to the original Heckman (1980) results 
shown in Table 2.26; but it would not change the Mroz "original Heckman variables" results very 
much. Note also that the difference in population mean values of H implies quite different 
employment rates (0.362 for the Mroz data, 0.468 for the Heckman data) coexisting alongside 
virtually identical mean values of hours of work for working women (1303 for the Mroz data, 1289 for 
the Heckman data). This highlights the possible importance of cohort and/or life cycle effects noted 
in the text. 
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little or no evidence that the wife's work experience is statistically endogeneous in 
the labor supply equation provided selection bias is taken into account [e.g. by 
inclusion of a ~ variable in expressions such as (106)]; and (ii) the hypothesis of 
no selection bias in analyses of the labor supply of working women is rejected 
provided the wife's work experience is included in the labor supply equation [so 
that ignoring selection bias, e.g. omitting the ~ variable in expressions such as 
(106), will generally lead to inconsistent estimates of labor supply parameters if 
work experience is included in the labor supply equation]. Conversely, (iii) if 
work experience is excluded from the supply equation, the hypothesis of no 
selection bias in the supply equation cannot be rejected; and (iv) if a selection 
bias term is excluded from the supply equation, the hypothesis that experience is 
exogenous in the supply equation is rejected. (Thus, the selection bias problem 
appears to manifest itself primarily through the work experience variable.) 
Finally: (v) the conventional Tobit specification of labor supply can be rejected 
in favour of the generalized Tobit ("Heckit") specification, 36 (106), with the 
former yielding inflated wage elasticity estimates relative to the latter; (vi) there is 
little or no evidence that "exogenous" income, R (defined to include husband's 
earnings and property income), is statistically endogenous; and (vii) correcting 
for taxes has a trivial effect on wage elasticity estimates, and has varying but 
generally small effects on estimated elasticities with respect to nonwork income. 

Mroz also finds that estimated wage elasticities tend to be higher in exactly- 
identified labor supply functions than in overidentified labor supply functions, 37 
and presents evidence favoring the latter kind of specification. Estimates of labor 
supply models that embody these findings (e.g. generalized Tobit estimation of 
overidentified labor supply equations, with or without allowance for taxes, but 
with correction for selection bias) generally imply a very low or even negative 
elasticity of labor supply with respect to wages, as shown in Table 2.28. 

Six years ago, Heckman, Killingsworth and MaCurdy (1981, p. 108) com- 
mented that elasticity estimates obtained using recently developed econometric 
techniques had increased the mean of what might be called the "reasonable 
guesstimate" of the wage-elasticity of female labor supply. Work since then seems 
to have reduced the mean and substantially increased the variance of this 

36The Tobit specification (in terms of Table 2.26, Procedures III, V or VII) implicitly assumes that 
hours of work vary continuously from zero (at a wage equal to the reservation level) to progressively 
larger positive amounts (at wages greater than the reservation level), with no jumps or discontinuities. 
In contrast, the~&eneralized Tobit specification (in terms of Table 2.26, Procedures VII or VIII, 
sometimes called "%Heckit") implicitly allows for a discontinuity in labor supply at the reservation 
wage such that hours worked are zero below the reservation level and some large amount above the 
reservation level. The latter approach has sometimes been characterized as a means of allowing for 
the labor supply discontinuities that may be induced by fixed costs of labor market entry. [For further 
discussion, see Cogan (1980b) and Killingsworth (1983, esp. pp. 141-148).] 

37See footnote 32. 
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Table 2.28 
Alternative estimates of uncompensated wage elasticity of wives' labor supply 

in Mroz's (1985) sensitivity analyses. 
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Estimated elasticity 
Model (standard error) 

Procedure VIII (a) - no allowance for taxes 

Procedure VIII (b) 
no allowance for taxes 

with allowance for taxes (lbc) 

0.09 
(0.17) 

- 0.02 
(0.15) 

- 0.05 
(0.15) 

Notes: 
a = Variables in probit equation = age, education, exogenous income, number 

of children age (i) 6 or less, (ii) 5 or less, (iii) age 5-19, (iv) age 7-19, 
background variables (county unemployment rate, schooling of wife's 
parents, etc.), wife's experience, wife's experience squared, quadratic and 
cubic terms in wife's age and education. 

Variables in wage equation = same as probit equation. 
Variables in structural labor supply equation = logarithm of wife's wage, 

exogenous income, children (i) age 6 or less and (ii) 7-19, wife's age, 
wife's education. 

b =Variables in probit equat ion= as for (a), with addition of cubic and 
quadratic terms in husband's age and education, family property income 
(family income exclusive of spouses' earnings), logarithm of husband's 
average hourly wage. 

Variables in wage equation = same as probit equation. 
Variables in structural labor supply equation = same as for (a). 

lbc denotes linearized budget constraint. 
For  definition of Procedure VIII, see Table 2.26. 
All elasticities evaluated at H = 1300 [ = approximate mean of hours worked 

by working women in Mroz's (1985) sample]; see Table 2.27. 

guesstimate. Regarding future research, we borrow from Samuel Gompers' char- 
acterization of union objectives, and advocate "more". Additional sensitivity 
analyses using a single behavioral specification, along the lines of Mroz (1985), 
will help identify some of the factors underlying the substantial diversity of 
elasticity estimates. However, as implied by our brief reference to life-cycle 
and/or cohort issues, studies based on alternative behavioral models-notably, 
life-cycle models, which have been used relatively little in empirical studies-are 
also likely to provide important insights. Pencavel (Chapter 1 in this Handbook) 
is critical of the emphasis on mere calibration-as opposed to hypothesis 
testing-in studies of male labor supply; if only because female labor supply 
elasticities have been calibrated so imprecisely, most readers are likely to agree 
that his comments apply just as much to female as to male labor supply. 
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